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ABSTRACT
The thesis reviews the acquisition and use of a Geographical
Information System (GIS) for transportation planning (GIS-T) by
Metropolitan Planning Organizations (MPO), the agencies responsible
for transportation planning in urbanized areas. Due to the diversity
among MPO's and the short history of GIS use in Transportation, the
discussion is general and conceptual. The thesis describes the
major issues in the steps of the appraisal process: an overall
institutional and organizational assessment; the identification of
future analytical and data needs; and the organizational and
technical issues associated with the implementation of a GIS-T.
Recognizing that the GIS-T implementation occurs in a series of
stages over an extended period of time, it is argued that the
acquisition of a GIS-T is not so much a single decision problem, as a
strategy to deal with a continuing process. Reference materials
covering the basic concepts of transportation modelling and GIS are
provided in the thesis appendices.
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CHAPTER 1: INTRODUCTION.
1.1 General Overview.
Geographical Information Systems (GIS) may be simply defined as
computerized tools to capture, store, retrieve, manipulate, and
display spatial data. The impact of GIS's is being felt in many
fields, and transportation planning is no exception. In the
transportation field, State and Federal agencies have taken the lead,
whereas at the local or metropolitan level, agencies are only
beginning to contemplate the possible application of GIS technology.
Recognizing that the decision to acquire such a system is a complex
and important one, this thesis proposes to look at the strategies for
assessing the introduction of a GIS for transportation planning (GIS-
T) in Metropolitan Planning Organizations (MPO's), the agencies
responsible for Metropolitan Transportation Planning (MTP) in
urbanized areas. To date, the introduction of a GIS into public
agencies appears to have been mostly of an "ad hoc" nature
(Croswell, 1989; Brown, 1989). However, GIS-T demands a
structured assessment in which issues are addressed systematically
and implementation objectives are clearly defined. This document
represents a preliminary attempt to understand the issues
associated with GIS-T implementation and structure the assessment
process.
The acquisition of a GIS-T is viewed not a clear-cut decision
problem, but rather as an developmental process. GIS-T
implementation occurs in stages and possibly over a period of years;
staff must be trained and data must be made operational in a GIS-T
context. Much of the implementation process involves learning from
doing. Furthermore, the developmental nature of GIS-T
implementation is reflective of the rapid change which
characterizes computer and GIS technology.
1.2 GIS and Transportation Planning.
GIS's are, in essence, spatial database managers which facilitate the
analysis of geographical information (A discussion of the basic GIS
concepts is found in Appendix I). A GIS is more than database
management, it is a method; more than just a tool for graphic
display, a GIS conveys spatial information; and more than just an
application, a GIS represents an analytical environment (Fletcher,
1989). By making use of spatial relational data, a GIS may be seen
as a new approach to viewing data; that is, an approach with a
spatial perspective (Nyerges and Dueker, 1988).
GIS's have been around in some form since the 1960's but, until the
1980's, existed only in the mainframe environment and were not
widely available. Only recently, have these systems been made
available for mini- and micro-computers. Concurrent advances have
been made in spatial data collection techniques (see Appendix 1.4).
Initial use of GIS's was in the areas of natural resource and land
i n
information systems (LIS) but applications of GIS are now occurring
in a wide variety of fields. The software, hardware, and data
gathering improvements have spurred on the proliferation of GIS's
among private and public organizations.
The application of GIS technology to transportation planning (GIS-T)
is a recent phenomenon. Much of the GIS activity in transportation
to date has occurred at the federal or state level; the first
applications were in database management areas such as highway
inventory, accident analysis, and pavement management. GIS's have
proven useful for the creation of integrated highway information
systems, the correction of discrepancies in existing state
databases, and improved data access (Florida DOT, 1989). There are
a variety of on-going GIS initiatives at the state level including:
efforts at standardizing spatial data formats in North Carolina,
moves towards data integration in Pennsylvania (AASHTO, 1989),
uses of optical storage devices in Wisconsin (Fletcher, 1987) and
others (Nyerges and Dueker, 1988; Simkowitz, 1989a; and AASHTO,
1988). At the Federal level, the interstate highway system has been
geo-coded in a database known as Geographic Roadway Information
Display System (GRIDS) (Simkowitz, 1989a).
At both the federal and state level, GIS activities deal primarily
with spatial data capture, geo-referencing issues, and highway
inventory systems. However, almost no work has been done on
network modelling (basic transportation modelling principles are
discussed in Appendix 11.1). Network functionality, such as shortest
path, is increasingly becoming a feature of GIS software packages
(Lupien, et. al., 1987). The first applications of GIS for travel
demand modelling (TDM) are now being explored. These activities
involve the interface of GIS with traditional transportation
modelling software packages. The full integration of TDM
capabilities within a GIS is also being developed in the TransCAD
software package, which combines some GIS functionality with
transportation planning algorithms. At the local level, GIS
applications for transportation planning are of an experimental
nature and involve using GIS to manage data for input into activity
allocation and transportation models and for the manipulation and
display of model output (Kiel and Bridwell, 1989).
The design of a generic approach to GIS-T is still very much at the
research stage. Examples of on-going research on the topic include:
state DOT efforts in North Carolina, Wisconsin, etc (Fletcher and
Lewis, 1989); research on the NETWORK module of the ARC/INFO GIS
software package at the Environmental Systems Research Institute
(ESRI); the TransCAD software by the Caliper Corporation
(Simkowitz, 1989a); research sponsored by the National Cooperative
Highway Research Program (NCHRP); and FHWA-sponsored research
in Johnson City, Tennessee (Kiel and Bridwell, 1989). Since a
generic GIS-T is not yet a reality, the term GIS-T is used in the
discussion to denote the use of existing GIS technology for
transportation planning.
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1.3 The Metropolitan Planning Organization (MPO).
The practice of MTP dates back to the pivotal Federal Aid Highway
Act of 1962 which mandated that urban transportation planning be
"continuing, cooperative, and comprehensive" (the 3C" process).
"Continuing" because the process is done on an annual basis;
"cooperative" because the process is carried-out jointly by state and
local agencies; and "comprehensive" because the planning process is
at the metropolitan scale and includes land-use and public transit
elements.
MPO's were formed with the Intergovernmental Cooperation Act of
1968. This legislation established a body responsible for the "3C"
process at the metropolitan level in urbanized areas of over 50,000.
In 1975, the Joint Federal Highway Administration (FHWA) and the
Urban Mass Transportation Administration (UMTA) regulations
further defined the role of the MPO for MTP to include both highway
and transit planning activities. The intergovernmental relations in
transportation planning were re-defined in the Reagan era. Under
this arrangement, while the federal requirements of MTP agencies
persisted, the states were allowed to define the process as long as
it met the broad "3C" criteria. The new arrangement represented a
shift away from a very centralized transportation planning structure
in the U.S. and placed the burden of MTP on local level agencies
(Weiner, 1987).
State discretion in defining the MTP process has resulted in
diversity among MPO's. In some regions, such as Minneapolis or San
Francisco, the MPO is an independent agency responsible solely for
MTP. In other metropolitan regions, such as Seattle and Los Angeles,
the local Council of Governments (COG) acts as the MPO, taking on
activities such as comprehensive planning, zoning and land-use
studies, environmental studies, and Census file updates, in addition
to transportation planning responsibilities. A slightly more
complicated arrangement is found in cities like Chicago and Boston,
where the MPO is actually a constellation of agencies, each
responsible for a segment of the MTP process. These diverse
institutional arrangements mean that financial arrangements vary
across regions. Funding for MPO's usually comes from local and
state sources. though for specific projects, federal funding is
included.
MPO's also have differing organizational structures. This diversity
is a function of differences in local government environment, the
local transportation planning process, and the relative strength of
other local agencies. These differences are also accentuated by the
fact that the structure of the MTP process is determined at the
state, not federal, level (Weiner, 1987).
Although diverse, MPO's do adhere to the same federal requirements
which is depicted in Figure 1.1. Thus, all MPO's are responsible for:
1. Highway and transit planning activities.
FIGURE 1.1: THE URBAN TRANSPORTATION PLANNING PROCESS.
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2. The annual production of the Unified Planning Work
Program (UPWP), a federally required certification document
describing FHWA and UMTA funded transportation planning
projects anticipated over the subsequent one year period.
3. The annual production of the Transportation Improvement
Plans (TIP's). The TIP represents a link between planning and
programming since it includes all highway and transit projects
to be implemented in the subsequent five-year period. The
TIP has a short-range Transportation System Management
(TSM) component and a long-range component as shown in
Figure 1.1.
4. Overseeing the Federal Aid to Urban Systems (FAUS) funds,
federal funds for local transportation improvements.
Further duties of an MPO, not federally prescribed, include:
1. The review of local level (city and county) transportation
projects and plans. The provision of technical assistance to
local level governments and agencies in areas of
transportation planning and management.
2. Various state-defined duties such as overseeing state
capital investment funds for local transportation projects.
3. While management of the local highway system is usually
the concern of the local DPW, MPO's may get involved in the
promotion of policies, such as PMS at the local level, as is the
case in Boston (Baumstein interview, 1989), and Detroit
(Nwankwo and Blackmore, 1989).
MPO's use travel demand forecasting (Appendix 11.1) to formulate
metropolitan transportation plans. Transportation modelling grew
out attempts in the 1950's and 1960's to assess the interaction
between land use and transportation demand. The models used in the
transportation planning process include The Urban Transportation
Planning System (UTPS), which became a mainstay for MTP in the
1960's and 1970's. Most large MPO's have been using transportation
models on mainframe computers since the 1970's. However, the
datasets upon which transportation models rely are aging and are, in
many instances, outdated (Atkins, 1987; Supernak, 1983).
External events have affected MTP since the late 1960's. The
Environmental Policy Act of 1969 reflected an increased concern on
the part of the general public for the environmental impacts of
transportation developments. In addition, the advent of increased
opposition to new highway construction in the early 1970's has
politicized transportation planning and increased the need for
constant interaction with the general public (Weiner, 1987;
Gakenheimer, 1989). No longer are transportation and other planning
functions "esoteric activities of a few technicians". Increasingly,
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there is a need to sell policies to the public, leading to demands on
the MPO for report generation, presentations, and graphic depiction.
With public disillusionment with new highway construction and
increasing importance of environmental concerns in the early
1970's, the activities of the MPO had shifted from a comprehensive
or macro approach, to a more micro-level scope (Cook, et. al.,
1989b). This shift placed emphasis on corridor and traffic impact
analysis, short-term planning activities, and small-area
improvements. Transportation Systems Management (TSM) came into
vogue at this time and represented an orientation away from new
highway construction and towards more intensive utilization of
existing facilities (Gakenheimer, 1979). This development was re-
enforced with the near completion of the interstate highway system
and the increasing fiscal difficulties experienced by public agencies
at all levels in the 1980's (Weiner, 1987). Currently, most MPO's
carry out their planning activities at both the macro and micro-
levels; formulating comprehensive transportation plans and doing
corridor analysis as well as impact and intersection analysis.
As depicted in Figure 1.2, MPO's function at the local and
metropolitan levels and interact with a variety of actors in the
transportation planning process. The configuration of an MPO's
external relations varies according to region. Generally, however,
the relations consist of work with federal and state agencies on
large-scale issues, and the provision of transportation project
reviews technical assistance for local governments and
FIGURE 1.2: AN MPO's INTER-AGENCY RELATIONS.
LOCAL
DPW
I 4
FEDERAL AGENCIES
(FHWA, UMTA)
transportation agencies. MPO's work closely with local transit
agencies and agencies responsible for the maintenance of the local
highway network, such as the local DPW. Relations with private
contractors and consultants usually occur on an ad hoc basis.
Relations with the general public are usually filtered through the
local governments which, as is the case in Boston, may have
representation within the MPO (Baumstein, 1989).
1.4 The Promise of a GIS-T.
Why should an MPO consider the acquisition of a GIS for MTP? As
indicated in Figure 1.3, GIS applications for transportation may be
used for database management and as an enhancement for data
analysis.
Data management benefits include:
1. The ability to link data geographically for data integration.
A GIS-T exploits the inherent spatial nature of transportation
planning data through the linkage of all data to a common
locational reference. This linkage serves to integrate
different datasets and eliminate data redundancy and
inconsistency.
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FIGURE 1.3: THE ROLE OF GIS IN TRANSPORTATION
PLANNING.
Source: Lockfeld and Granzow, 1989.
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2. The ability to retrieve information geographically.
Interactive graphics afford the analyst flexibility in data
access and data editing, as well as ease of comprehension.
3. Efficiencies in data preparation and data manipulation. A
GIS-T affords efficiencies in the form of time and cost
savings in data preparation and manipulation (Ferguson, 1989).
4. Management of data for TDM input. GIS-T's are effective for
managing and manipulating data for model input. A GIS-T
might aggregate data for input into TDM; for example,
economic model output might be aggregated into larger units,
such as traffic analysis zones.
5. The possibility of accessing other data sources. By
establishing a common spatial data reference, a GIS offers the
possibility of tapping into different data sources that might
otherwise go unused by transportation planners, such as soil
typology or hydrology data. Furthermore, a GIS may foster
inter-agency data exchange which affords savings in data
capture costs.
6. A GIS-T provides improvement in report and map
production.
With regards to data analysis, the crucial question to be asked is:
does a GIS-T enhance existing transportation modelling and
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analysis? A GIS-T offers the following advantages for data
analysis:
1. The ability to build more complete and accurate network
models. Through disaggregation a GIS allows for more
extensive use of travel behavioral data for refined spatial
analysis, improving trip generation and modal choice
modelling.
2. The ability to visualize relations with thematic mapping. A
GIS facilitates spatial analysis of transportation policies,
scenario testing, and the spatial comparison of alternatives.
Graphic display capabilities might benefit the decision-
making process. Since graphic depiction is more intuitive than
conventional data output a GIS-T might improve
communications with decision-makers and the general public.
This might include: thematic mapping of model output in the
form of bandwidth depiction of traffic flows.
3. The ability to do scenario testing. For example, traffic
flow output from a transportation model may be overlaid on
alternative land-use growth scenarios.
4. The ability to formulate questions not previously asked.
For example, noise contours to airport may be overlaid on
residential data to gauge the noise impacts of airport
expansion. As with any new technology, there may also be
unforeseen transportation planning applications of GIS-T
technology.
The disadvantages of a GIS-T relate primarily to its expense in time
and financial resources. In terms of cost, a GIS-T requires
significant hardware and software purchases, and substantial
investment in the preparation and maintenance of spatially-
referenced data. In terms of staff time investment, a GIS-T is
usually introduced over a period of years and requires technically
skilled staff.
While the promise of a GIS-T is great, few fully developed GIS-T
implementations have been recorded to date. This suggests that the
tasks of acquisition, implementation, and maintenance of such a
system are complex and require careful attention.
1.5 Methodology.
The thesis aims to outline strategies for acquiring a GIS-T at the
metropolitan level. In view of the fact that the introduction of GIS-
T at the MPO level is embryonic and user history is limited, the
discussion is principally at the conceptual level.
The approach is also general since the actual decision and forms of
GIS-T's may vary with the diversity among MPO's. The discussion is
restricted to the MTP aspects of GIS technology, although many
MPO's have land-use planning responsibilities, in addition their
transportation planning responsibilities.
The intent of the study is not to identify a "best choice" of a GIS-T,
but rather to seek a clearer definition of the salient issues to be
addressed in a decision strategy for acquiring and implementing a
GIS for transportation planning in an MPO. The aim is only to raise
questions specific to this process. Covering a topic as vast as a
GIS-T in a limited format restricts the discussion to major issues
at the expense of minor issues.
The research conducted for this thesis principally consisted of:
1. A survey of the small but growing body of literature on the
subject.
2. Interviews with MPO officials involved in assessing the
possible acquisition of a GIS.
3. Material gathered from conference and workshop
attendance including: the AASHTO-sponsored Second
Applications of Transportation Planning Methods Conference
held in Orlando, Florida in April, 1989 and the 27th Annual
URISA Conference held in Boston, Massachusetts in August,
1989.
4. Hands-on exposure to GIS and transportation modelling
software packages available at the Computer Resource
Laboratory (CRL) at MIT. One package, TransCAD made use of
the same metropolitan transportation database used by the
Central Transportation Planning Staff (CTPS), the technical
support unit for the Boston area MPO.
The discussion proceeds along the lines found in Figure 1.4, which
outlines a strategy for addressing GIS-T acquisition. Chapter I
traces steps 1 through 3 in the process to the first decision point.
This includes a discussion on the assessment of the present and
future institutional environment and organizational goals, and future
analytical and data needs.
The subsequent chapters provide a broad overview of issues
encountered in developing a strategic implementation plan for a GIS-
T for an MPO (steps 5 and 6 in Figure 1.4). The division between
organizational and technical issues delineates the discussions in
Chapters III and IV. Chapter III looks at the organizational and
institutional issues to be dealt with in a GIS-T implementation plan.
Chapter IV looks at the technical issues to be addressed in such a
plan.
The general perspective of Chapters I through IV may serve to
disguise some of the real and practical difficulties of implementing
a GIS-T. Therefore, some attempt is made in Chapter V to illustrate
some of the implementation difficulties and provide a feel for .the
time-frame involved in implementation. Examples of approaches to
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FIGURE 1.4:
pilot projects and the phasing-in of a GIS-T are included in this
Chapter. Finally, the possible use of cost-benefit analysis for a
GIS-T appraisal is discussed.
The author assumes the reader has some understanding of GIS and
database management, and the process of transportation planning.
Reference materials on the basic concepts of GIS and of
transportation modelling are provided in the accompanying
appendices.
CHAPTER II: A DECISION STRATEGY FOR THE
ACQUISITION OF A GIS-T.
2.1 Introduction.
The acquisition of a GIS-T is a complex decision for an MPO, since
the decision must be made in an uncertain environment where both
software and hardware developments are rapidly occurring. In
addition, the demands of MTP and the role of an MPO are also
changing. After surveying many GIS implementation efforts in the
public sector one analyst attributes the many failures to poor initial
assessments (Croswell, 1989).
A GIS-T potentially affects database management strategy, the
computing environment, organization structure and goals, the
decision-making process, and relations with peer agencies. Any
needs assessment must therefore be broad in scope. This involves
an overall assessment of the MPO and the transportation planning
environment in which it operates as well as a total assessment of
the MPO's analytical and data needs present, and future.
This chapter discusses steps 1 through 3 as outlined in Figure 1.4;
from institutional and organizational assessment to future data
analysis and future data needs. This discussion brings us to a
decision point at step 4 where the MPO must determine the viability
of a GIS-T.
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2.2 Institutional and Organizational Assessment.
A discussion of institutional and organizational issues requires a
look at the MTP context and its future trends. The environment
MPO's face in the near future is likely be one of: continued fiscal
austerity, increased importance of inter-agency relations, and
continued environmental concerns (Weiner, 1987; Gakenheimer,
1989).
Fiscal constraints at all levels of government are likely to persist
forcing MPO's and local governments to do more with the same
resources or less (Weiner, 1989). This situation typically
translates into policies geared less towards new construction and
more towards intensive use of existing transportation facilities.
Fiscal restraint may also stimulate interest in information systems
(IS). that help improve the cost-effectiveness of transportation
planning. In this context, the possible economies of scale of shared
data among agencies with similar data needs are an attractive
benefit. However, these economies of scale are realized in the long-
term only after significant capital investment in acquiring the
necessary hardware and software and constructing spatially-
referenced databases to make data exchange possible.
Traditionally, MTP has been a "top-down" process, but in the future
MPO's may receive more pressure from below. The accessibility of
computer technology to local level governments and planning
agencies with the advent of powerful PC's and workstations may
serve to widen the policy debates in the local transportation
planning process. Local agencies are able to combine publicly
available spatial databases, such as the U.S. Census products, with
in-house data and perform modelling and spatial analysis in their
localities. Examples of this activity are found in the Seattle and
Minneapolis-St. Paul metropolitan regions, where city and county
governments have built GIS's and are performing transportation
modelling in their localities, and local MPO's are beginning to
implement GIS-T's (Johnson, et. al., 1989; Alderson, 1989).
The importance of inter-agency relations is also re-enforced by the
suburban congestion issue. This is primarily a "many origin to many
destination" problem. Therefore, the suburban mobility issue cuts
across local boundaries; congestion problems in a given community
may be the result of policies and actions in other communities over
which the affected community has no control. This situation calls
for transportation planning which is more comprehensive in scope,
incorporating many communities (Cervero, 1988; Gakenheimer,
1989). The need for inter-agency cooperation is underscored by the
fact that metropolitan and state transportation agencies cannot
"build their way out of the problem" and must rely more on local
policy actions, such as transportation systems management (TSM),
to combat suburban congestion (Cervero, 1988; Deakin, 1988). Thus,
MPO's may be called upon to provide a forum for inter-agency
discussions. MPO's may also become more involved in technical
assistance to local agencies to re-enforce local transportation
planning efforts.
Concerns for the environment, common to transportation planning in
the 1970's and 1980's, are likely to continue in the future (Weiner,
1989). Thus, future transportation planning will continue to be
characterized by deemphasis on new construction and concern for air
quality. Environmental concerns may also widen the scope for MTP.
For example, transportation planning may include the impact of
transportation policies on wetlands.
The organizational assessment of the MPO's external environment
should consist of a review of internal information flows, and an
existing hardware and software inventory. This provides a baseline
of the MPO's IS capabilities. Information flows involve questions of:
1. Who uses what data and for what purposes?
2. What are data maintenance responsibilities of each
departments?
3. To what degree are departments inter-dependent for data
needs?
Answers to these questions provide a better understanding of the
nature of the MPO's overall database. This understanding, in turn,
improves the planning of any data integration strategies.
A hardware and software inventory consists of detailing the current
computing environment. Software inventory encompasses the
current DBMS and spreadsheet programs, and any automated drafting
or mapping systems. Hardware inventory includes the network
configuration, stand-alone workstations, and any peripherals such as
plotters. An understanding of the current computing environment is
useful for formulating an incremental approach to software and
hardware procurement.
2.3 The Analytical Needs of an MPO.
From an assessment of future trends in MTP, the future analytical
demands on an MPO may be assessed. The task of the MPO is to
perform analysis at both the macro as well as the micro level. At
the system or macro-level, this analysis involves regional
transportation modelling, sub-area and corridor analysis. At the
project or micro-level, this analysis consists of traffic impact and
intersection analysis, and traffic engineering-type concerns.
MTP for urban areas with a population in excess of 50,000 is still a
federal requirement. In the early 1970's, TDM fell into disfavor
somewhat and many agencies relegated the use of these models from
use for comprehensive transportation planning (Appendix 11.1) to
project assessment (Atkins, 1987). However, in the mid-1980's, the
suburban mobility issue appears to have stimulated renewed .
interest in large-scale modelling, particularly at the sub-regional
level (Weiner, 1989). The continued growth of Economic Activity
Centers (EAC's) -- the spatially dispersed, but fast growing
suburban commercial centers -- have also made sub-area and
corridor analysis increasingly important.
Transportation modelling, as it exists today, continues to rely upon
traditional network modelling approaches (see Appendix 11.1). The
principal uses of modelling are for: long-range planning, transit
analysis, demand management, and sub-area planning (Weiner, 1989).
The UTPS is the primary set of techniques used by MPO's for long-
range metropolitan-scale transportation planning studies. Many
commercially available TDM software packages exist for the mini-
and micro-computer environment with improved features (see Lewis
and McNeil, 1986).
Many analysts feel that solutions to the suburban mobility question
tend to lie more in land-use policies, than in traditional
transportation policies such as highway construction and TSM
(Deakin, 1988). To formulate better land-use policies, improved
analytical tools are required to dynamically model interactions
between land-use and transportation in suburban areas. Failure to
reflect the feedback effects on land-use of transportation model
output underestimates the impacts of transportation on land
development.
In an effort to better assess land-use elements in their
transportation planning activities, many MPO's (SCAG, PSCOG, the
Mid-American Regional Council in Kansas City) make use of activity
distribution models. The package of choice is the Integrated
Transportation and Land Use Package (ITLUP) which is part of the
UTPS. Activity allocation models distribute residential and
employment activity over space, given area growth rates and current
demographic data. This activity allocation provides inputs in
modelling for scenario testing and projection. However, the problem
has been the interface between activity allocation models and TDM
due to the different level of aggregations characterizing the two.
Thus, a crucial analytical need is to convert between the two types
of models.
Given the "many origin to many destination" nature of suburban trips,
transit options remain less a solution to the suburban mobility
problem (Cervero, 1988). However, transit analysis and planning
still form an important part of an MPO's transportation planning
activities. Moreover, transit planning continues to be a federal
requirement. The transit analysis needs of an MPO principally
consist of corridor analysis. Concern for fiscal restraint has also
led to an increased need for evaluating cost-effectiveness of transit
operations (Weiner, 1989).
At the micro-level, other analytical functions may be demanded of
the MPO. The increase use of impact fees and traffic mitigation
policies to combat suburban congestion signal a continued reliance
upon traffic impact analysis (Appendix 11.2) by MPO's. Many
established algorithms and software packages exist for this micro-
level work (Stover and Koepke, 1988). However, there is a need to
coordinate between analysis at the metropolitan, sub-area and
corridor analysis, and site planning levels (Weiner, 1989). This
coordination involves the ability to use output from modelling
performed at a given level of aggregation as input to analysis at
another level.
2.4 The Data Needs of an MPO,
The next step is the identification of data needs to support
analytical needs of the MPO at both the project and system level.
MPO's generally do not make use of highway inventory data, such as
pavement characteristic data. These data are usually maintained
locally by the local Department of Public Works (DPW) or by the
state Department of Transportation (DOT) at the state level.
An MPO does, however, make use of a considerable amount of data
including:
1. Travel behavior data.
2. Network characteristic data.
3. Demographic data, such as Census journey to work data.
4. Spatial data, such as TIGER/Line.
5. Traffic Impact data.
Fundamental to the travel demand forecasting process (Appendix
11.1) are travel behavior, or Origin/Destination (O/D) survey, data.
These sample data form the basis for model assumptions. O/D
surveys are commonly sample surveys of three to five thousand
households for a SMSA of one million. The costs of travel behavior
surveys is expensive; therefore, updates are done in ten to twenty
year intervals (Purvis, 1989). Metropolitan transportation
databases currently in use are, in many instances, outdated;
therefore, improved and updated databases may be required in the
near future. One extreme example of an aging database, is found in
Boston where MTP continues to rely extensively on O/D survey data
from 1963 (Kaatrud and Lewis, 1989). Many MPO's from major
metropolitan areas are currently in the process of updating these
datasets. A recent survey found that of the MPO's in the top twenty-
five SMSA's, sixteen were planning travel behavior surveys to
coincide with the 1990 U.S. Census (Purvis, 1989).
MPO's also maintain the local highway network characteristic data
(Appendix 11.1). Network characteristic data includes information on
the attributes of the highway network necessary for TDM, such as
link directionality or number of lanes. The updating of these data is
expensive and is done periodically on a five to ten-year basis. Trip
tables or O/D matrices (Appendix 11.1) are also part of the network
database. For a large MPO in an SMSA of two-three million, these
matrices may contain roughly 500 to 1000 zones. TDM has facilities
for the update and manipulation of trip tables.
To support TDM, MPO's require spatial data in the form of network
coordinates, known as network coding. The demand for this spatial
data has increased recently due to the increased use of graphic
interfaces in TDM software packages (Florian, 1982). The storage
requirements for these data is significantly less than the spatial
data contained in a GIS database (see Chapter IV).
MPO's rely heavily on demographic data as well. U.S. Census data
provides the main source of demographic information for the MPO.
Census data is relatively inexpensive; the cost of Census data
products is less than if the MPO collected the data itself. A recent
survey by the FHWA, indicates that a majority of MPO's in SMSA's
over one million population made use of the 1980 Census data
(Wykstrom, 1989). MPO's utilized U.S. Census products for MTP, such
as The Urban Transportation Planning Package (UTPP) (Appendix
1.42). The UTPP includes all journey to work information crucial for
trip generation and trip distribution modelling (Appendix 11.1). MPO's
also made use of other 1980 Census products, such as the Summary
Table File (STF) (Appendix 1.42). The STF's are distinct from the
UTPP in that they contain basic demographic data broken down by
Census tract or TAZ, but no journey to work data. These basic
demographic data are useful for trip generation modelling. Census
data products may be purchased in tape or micro-computer
compatible format.
Indications are that MPO's are planning to make use of the 1990
Census data. The U.S. Census has entertained input from MPO's on
possible improvements to the 1980 Census products (Salopek, 1989).
Although the Census Transportation Planning Package (CTPP) is only
at the design phase at the moment, the general form of the package
is likely to be the same as the 1980 version (Simkowitz, 1989d).
One problem with the use of Census data is the time lag for data
release; for example, the 1980 Census data became available in
1984. A three to five year time lag is likely for the 1990 data as
well.
MPO's also make use of the Census' digitized cartographic products.
These products are basically compatible with other Census products.
Journey to work information is geo-coded for reference to digital
line products; for example, the 1980 UTPP was coded with the
GBF/DIME files (Appendix 1.42). The TIGER/Line files are also
useable in a MTP context since the TIGER/Line files can
accommodate data for the construction of TAZ's (Simkowitz, 1989d).
However, the TIGER/Line file requires considerably more storage
space than the network coding data used with TDM. In addition, as
experienced with the GBF/DIME files, considerable work, in the form
of error checking and correction, may be necessary to make
TIGER/Line files operable. TIGER files also involve maintenance
costs for local updates in the years between censuses (see section
4.4).
At the micro-level of analysis, the work of an MPO requires traffic
impact data. These data usually consist of current traffic counts in
the area likely to be impacted by the proposed site development or
project. Since traffic impact studies are basically project-specific,
the data collected for such studies is temporal and used on a one-
time basis. Traffic impact datasets are typically small, less than
five megabytes (MB's), and make use of Census parcel-based
information for site specific areas. Traffic impact data is costly
since it usually involves primary data collection.
2.5 The Preliminary Design of a GIS-T for an MPO.
With an assessment of future analytical and data requirements, and
an idea of present information system capabilities, a preliminary
design of a GIS-T for the MPO may be conceived. This phase is
essentially conceptual; it involves logically thinking through a
possible design of a GIS-T and its database for the MPO.
The preliminary design may include: a conceptual database design,
consideration of data sources, the computing environment, the
analytical functions to be enhanced by a GIS, and the institutional
and organizational context. The institutional and organizational
issues may consist of: the potential inter-agency data exchanges and
cooperation in constructing a GIS, estimated human resource
requirements, and any required changes in information flows within
the organization. In depth discussion of these topics is not carried
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out here, since the major organizational and technical aspects of a
GIS-T are detailed in Chapters III and IV.
As shown in Figure 1.4, once the preliminary design is completed, a
decision point (step 4) is reached in the appraisal process. At this
point, management must ask whether GIS-T offers the potential for
adequately meeting the analytical and data requirements.
Furthermore, does a GIS-T provide value-added to the data
processing and transportation analysis done by the MPO, and should
the MPO proceed and devise a plan for the implementation of a GIS-
T? This is essentially a viability assessment in which the
preliminary design of a GIS-T, with some cost estimates, is weighed
by decision-makers against budget and other considerations.
A decision to abort the GIS-T assessment may be seen as the
equivalent of a "do-nothing" approach. This need not terminate GIS
considerations for the MPO. GIS options may prove more viable and
worthy of re-assessment at a future point in time, given
technological advances or shifts in the transportation planning
environment.
A "go" decision initiates a GIS-T implementation plan, involving
more detailed organizational and technical issues. This is the
subject of the next section.
CHAPTER ill: THE STRATEGIC IMPLEMENTATION PLAN:
ORGANIZATIONAL ISSUES.
3.1 Introduction.
Institutional and organizational issues form an important part of the
implementation of a GIS-T. While many technical issues have been
overcome through vendor innovation, a growing number of
practitioners feel that institutional and organizational issues have
supplanted technical issues as the main obstacle to the successful
implementation of GIS technology (Croswell, 1989; Somers, 1989).
This section outlines the organizational and institutional issues
which need to be addressed in a strategic implementation plan for a
GIS-T. Strategic planning for the implementation of a GIS-T
involves clearly defining objectives and designing system
procedures to meet those objectives. The difficulties in discussing
the organizational issues associated with a GIS-T, lie in the lack of
GIS-T user history and in attempting to generalize across
organizational contexts.
Recognizing these limitations, one possible grouping of
organizational issues is put forth here, around which the chapter's
discussion is structured. Firstly, an organizational structure,
termed here as the "GIS-T Coordination Group", may be formed to
oversee the implementation of the GIS-T. This coordination group
provides a foundation for the continual upkeep and assessment of the
system. Secondly, the question of how the GIS-T Coordination Group
fits into the overall organizational structure of the MPO is
addressed. Thirdly, the effects on personnel issues is explored.
Fourthly, issues involved in the linkage, if any, with outside
agencies regarding a GIS-T is discussed. Finally, the interactions
between technical decisions and organizational decisions cannot be
ignored; certain technical decisions may impact on organizational
decisions and vice versa.
3.2 Establishing a Foundation.
The word "System" in the term "GIS" may be broadly defined as not
only the software and hardware components of the GIS, but also the
organizational commitment and associated staff which ensure the
continual and proper functioning of the GIS. This definition alludes
to the importance of establishing a foundation of management
commitment and organizational structure to support the GIS-T.
One component of this foundation is management support and
commitment for the duration of the project. This involvement
ideally should begin in the planning stages (Somers, 1989). This
commitment is critical because the management group controls the
resources necessary for periodic hardware and software
replacement. One way to garner this support may be to clearly
delineate the flows of benefits from a GIS-T, and to make
management aware of the decision support aspects offered by the
system (Croswell, 1989).
The GIS-T Coordination Group is the focal point for the learning that
takes place at each stage of the introduction of a GIS-T. The size of
the group may grow during the course of a GIS-T implementation.
The initial pilot phases of a GIS-T project may require one to three
half-time staff persons. Full integration of GIS-T into MPO
operations may require a unit on the order of 10 to 30 staff
members.
The structure of the GIS-T Coordination Group must also be
determined at the outset. One of the aims of this group is to
rationalize the relations between the GIS-T implementation process
and external actors, and establish an environment of consensus and
cooperation among all concerned parties. Figure 3.1 provides an
abstracted view of these relationships: the thin line depicts
relationships which may be of significance for only the initial
stages of the project; thick bands indicate relationships which
promise to continue after the system is operative.
There are four groupings. Firstly, there are the relations between
the GIS-T Coordination Group and the MPO administration. These
relations are important for cultivating management commitment to
a GIS-T project. Management must be kept abreast of events and
presented tangible products demonstrating a value-added to data
management and analysis. This relationship is likely to
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continue through the life of the GIS-T because of the constant need
for funding and resources, given the life-cycles of data and
hardware, and software. Secondly, there are the users or the
analysts and planners who access the system. Typically, these users
have a familiarity with computer technology, yet varying degrees of
understanding of the system. The needs of this group are related to
applications of the system and are commonly of an on-going,
trouble-shooting nature. User groups also require training for use of
the GIS software. Relations with user groups promise to be a
continual relationship for the duration of the GIS-T, given staff
turnover and new applications.
The hardware and software vendors and various consultants
represent a third group. This group is interested in the detailed
technical aspects of the system more than the overall enterprise.
From the MPO's standpoint, this group demands performance
monitoring by MPO staff with some technical understanding. After
the system is operational, contact with this group is reduced to
software updating and periodic trouble-shooting.
A fourth group includes other MPO departments or divisions which
may be affected by the GIS-T. During the implementation, these
relations are important. The GIS-T Coordination Group may be
placed within the existing database administration. The GIS-T
implementation may greatly alter the operation of or replace the
existing mapping department. Other departments, such as transit
and highway analysis departments, may interact with a GIS-T
Coordination Group. Once the system is functional and concurrent
organizational adjustments completed, these relations may be
normalized and routine. In the long-term, interactions between the
GIS-T Coordination Group and other agencies, or even the general
public, may also gain in significance for data exchange activities.
With these relations in mind, the structure for the GIS-T
Coordination Group, with a fully operational GIS-T, might include
components which manage these relations. One body might handle
the interactions with management and, if appropriate, the inter-
agency relations; this may be termed an "Executive Committee".
This body might manage the budget of the GIS-T project and ensure
adherence to the implementation plan. Eventually, as the GIS-T fully
integrates the MPO's database, the duties of the Executive
Committee may be assumed by the MPO's DBA. Another body might be
concerned with the detailed technical questions regarding hardware,
software, network functions, etc; this might be a "Technical
Committee".
Since the input of the end user is important for system design, the
management of the relations between the users and the system may
warrant separate attention. Therefore, the GIS-T Coordination Group
might include one or more individuals concerned with the day-to-day
problems of the users of the system. This individual might be called
the "System Advocate". This individual(s) might also act as aconduit
for the dissemination of innovative uses of the GIS-T. As indicated
in Figure 3.2, the structure of this group might take the form of an
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Executive Committee overseeing the work of a technical committee
and the System Advocate.
Finally, the whole operation ideally requires a driving force; a GIS
coordinator or "champion" in the GIS vernacular. Typically, this is an
individual given the resources and authority to make GIS a reality.
This is an individual with knowledge of both GIS and transportation
planning, and the ability to communicate with decision-makers and
promote the GIS idea throughout the organization (Dangermond,
1989). Such an individual is not always readily available within the
organization. (Somers, 1989).
There are, of course, alternative structures to the one suggested
here. An organization may choose to employ an outside party, such
as a consultant, to manage the whole GIS-T implementation process.
A GIS-T structure may also develop informally within the
organization's database administration. While these approaches may
have validity, creating a formal structure for GIS implementation
forms an organizational foundation and may provide a smooth
adjustment to the GIS system is, therefore, preferable (Condi,
1989).
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3.3 Fitting a GIS-T Into The Existing Organizational
Structure.
After a GIS-T Coordinating Group is formulated, its structure known
and duties delineated, the question becomes where and how it will
fit into the overall organizational structure of the MPO.
Although difficult to generalize, the typical organization structure
might consist of an administrative body overseeing departments
organized by mode, such as transit and highway analysis.
Responsibilities for database maintenance usually reflects these
divisions of responsibility of the different departments (Nyerges
and Dueker, 1988). Within the MPO, ad hoc groupings of transit and
highway department staff may occur on specific studies or projects.
In addition, an MPO usually has a department responsible for mapping
and graphics production.
As mentioned above, a GIS-T Coordination Group might be formed
within the present database administration (DBA). This placement
may impact on vertical (hierarchical) links in the organizational
structure. The MPO must then determine the nature of the lines of
authority between the GIS coordination group and the DBA, and
between the GIS-T Coordination Group and management. The
database integration afforded by a GIS-T might also affect
hierarchical relationships between the GIS-T Coordination Group and
different agency departments. Therefore, these relationships should
be delineated. For example, as part of its coordinating role, the GIS-
T Coordination Group may set standards, such as data scale and
frequency of data updates, for the various departments of the MPO.
A GIS-T may also impact on horizontal linkages in the organizational
structure. Horizontal or lateral linkage refers to the functional
relations between departments, which are at the same level in the
organization's hierarchy. The enhanced communications among user
groups afforded by a GIS-T may lead to greater horizontal linkages
and dependencies among departments, such as between the DBA and
mapping departments, for example. A GIS-T may require user
support mechanisms to be spread across departments. One analyst
suggests that rather than allowing lateral links to evolve in an ad
hoc fashion, these links should be developed in the initial stages of
the implementation (Somers, 1989). This may consist, for example,
of designating responsible persons in the affected departments for
information exchange with the GIS-T Coordination Group.
The problem of super-imposing the horizontal structure engendered
by a GIS on a hierarchical structure may create conflicts between
centralization and de-centralization tendencies within the
organization. For example, data integration might be inhibited by
organizational structures that dictate separate files of attribute
data, rather than one integrated file. This problem may be overcome
by assigning custodial responsibility for different data layers to the
parts of an organization most responsible for the data, tying all
layers to a common geo-referenced framework (Nyerges and Dueker,
1988). However, this may conflict with the centralization
associated with database coordination activities, as mentioned
above.
3.4 Personnel Issues.
A major part of the organizational adjustment to a GIS-T may be
personnel-related. Many of the personnel issues associated with the
introduction of a GIS-T are generic to the introduction of any large
scale automation project. Automation may replace many staff
positions, yet creates demand for new skills in the areas of data
entry, database management and maintenance, and the upkeep of the
computer environment. Unlike the first wave of information
technology in the 1970's, today's staff generally have a greater
familiarity with computer technology, making them more receptive
to re-training on the use of a GIS-T. Personnel issues of particular
concern to introduction of a GIS-T are found in the areas of data
entry, map production, and staff training.
Dangermond has listed the generic staff elements required by a GIS
including: GIS analysts, database administrators, GIS processors,
and computer system administrators (Dangermond, 1989). GIS
analysts are required for the overall design of the system, the
continued analysis of GIS procedures, and the translation of user
needs into improved GIS procedures. Database administrators are
needed to design the database, manage the data automation, and be
responsible for maintenance of the database. GIS processors use the
system on a daily basis, creating products defined by the analyst and
executing production tasks that are more complicated than
digitization. Computer system administrators are responsible for
maintaining the computing environment.
To fill these positions a GIS-T project may initially draw some
staff from an MPO's data processing department or its equivalent.
These staff members may work in tandem with counterparts from
the various departments making use of the GIS-T. However, past
examples have shown that individuals involved in GIS-T
implementation usually retain their regular duties in addition to
GIS-T activities (Brown, 1989; Croswell, 1989,). At some point, the
GIS-T duties of these individuals should be made explicit. This
assumption of new responsibilities may require job re-
classification and updated job description to reflect GIS activities.
The bulk of the staff time requirement for a GIS-T related to the
initial establishment of the system. This may involve digitizing or
using available digitized information. The use of digitized
information, such as the TIGER/Line files, reduces the need for
digitizing for a GIS-T at an MPO. Rather, staff time may be spent
making TIGER/Line files operational. Significant staff time may be
spent on software products associated with establishing the GIS-T
(discussed in Chapter IV). Of course, consultants may be hired for
the tasks associated with the establishment of a GIS-T, but unlike
many local agencies, MPO's are commonly endowed with some staff
computer programming skills.
The filling of many GIS-T positions may be accomplished through
staff training. Training is necessary in the areas of: digitization,
the use of the GIS software, and the use of the analytical
capabilities of the system. For users of the system, the training
agenda need not be restricted to user interface matters; data source
information and the limits of the data may also be included. Map
production staff may be re-trained for work with GIS mapping
output. People with technical skills for GIS currently are not
readily available in the job market. However, the supply of skilled
staff should catch up to the demand as more universities develop GIS
curricula, and more training and re-training occurs.
3.5 Inter-agency Linkages.
As mentioned earlier, the expense of collecting and digitizing
spatial data, make the economies of scale of data-sharing among
agencies attractive. With a common locational referencing system,
a GIS-T provides the opportunity for accessing other attribute data
environments, such as soil typology and hydrology, maintained by
other agencies. For MTP, there is room for greater uniformity in
spatial referencing, centralization of spatial data collection, and
inter-agency cooperation on data exchange. For example, as part of
an effort to bolster local transportation planning efforts, an MPO
may provide digitized network data for a locality. However, these
activities require coordination among agencies.
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There are technical and organizational issues associated with these
inter-agency data-sharing activities. The overriding technical issue
is the need for standardization, the lack of which inhibits beneficial
data exchange between local agencies. Other technical issues
related to inter-agency data exchange involve: data scales and
sources, the data exchange format, what data are to be included, the
frequency of updates, and data quality control. A major issue is
what are the arrangements for the update of the local TIGER/Line
file information (discussed in Chapter IV).
Organizationally, there are different possible approaches to an
inter-agency database. The structure may be integrated purely with
a single database; agencies might be assigned responsibility for the
maintenance of different components of the database, while having
access to the entire database. Alternatively, an inter-agency
arrangement may consist of standardization of spatial databases
across local agencies to facilitate increased data exchange on an ad
hoc basis. Linkage between agencies might take place at the
management level or at the level of database administrations of the
different agencies. The mechanisms of inter-agency linkage might
include: liaison individuals, permanent inter-department
committees, temporary task forces, and overall coordinators
(Somers, 1989).
In any collaborative venture between public agencies, financial
considerations are critical. This includes the arrangement of the
financing of the inter-agency database. There is a possibility that
the largest funding agencies may dominate the design of the system.
Moreover, the question of whether all agencies are able to sustain
their financial commitment also needs to be addressed.
Eventually, an MPO may also provide spatial data to local level
agencies to bolster local transportation planning efforts. With a
GIS-T, it is relatively simple to extract smaller networks from the
larger metropolitan transportation network maintained by the MPO.
Local agencies may use network extract for their locality on a
micro-computer with a micro-computer-based TDM or, even GIS. The
improved transportation planning at the local level may involve more
communities in the MTP process. This may also provide the MPO
with a source of network data updates for additions, deletions, and
characteristic changes in the network.
3.6 The Interaction Between Organizational and Technical
Issues.
The designers of an implementation plan must be aware of the
complex interactions between organizational and technical issues.
Certain technical decisions limit the degrees of freedom for certain
organizational decisions. Conversely, certain organizational
decisions may shape particular technical choices.
For example, organizational factors, such as budget decisions, affect
hardware and software choices. Budget appropriations also affect
the data scale chosen and whether secondary or primary data
sources are used. Placement of the GIS-T in the organizational
structure may impact on the computing environment possibilities.
Furthermore, many technical choices have personnel cost
implications. For example, decisions on the scale of spatial data and
data sources impact on personnel costs for data capture and
preparation. The coupling of a GIS and TDM may also affect staff
training requirements. Choices with respect to the computing
environment and database design may impact on the organizational
structure.
The nature of the interaction between organizational and technical
issues may vary across MPO's. Therefore, it is up to the assessment
team to identify the major trade-offs to evaluate these decisions in
organizational and technical areas.
CHAPTER IV: STRATEGIC IMPLEMENTATION PLAN:
TECHNICAL ISSUES.
4.1 Introduction.
The shift from the preliminary design of a GIS-T to thinking about
the actual implementation of a GIS-T represents a shift from the
conceptual to the practical. At this stage, hardware and software
factors must be taken into account. The technical issues involve
discrete choices at all levels of a GIS-T; from the GIS engine to the
computing environment. However, these levels consist of varying
degrees of uncertainty, given the rapidly changing software products
and computer developments. This uncertainty, coupled with an
environment of limited financial resources and considerable
investment in existing software and hardware, may promote
incrementalism in software and hardware choices.
In considering the technical aspects of an implementation plan, it is
helpful to use the lens of "data issues". Thus, the issues can be
arrayed in groupings of: data capture, data management, and data
analysis. This ordering forms the basis for the discussion below.
4.2 Database Design Issues.
Database design is important since a fully operational GIS may be
the MPO's largest database (Croswell, 1989). The key issues related
to the design of the GIS-T database are:
1. What data to include?
2. What analysis is to be performed?
3. How the data are to be organized?
4. Data storage considerations.
In general, design of a GIS-T database should follow the normal
database design principles of: use of indexing, data security to
protect against unauthorized use, and data integrity to protect
against data corruption by authorized users. Although not covered
here, discussion of these basic principles is easily found elsewhere
(Date, 1987).
In deciding what entities are to be included in a GIS-T, it is helpful
to view the construction of a GIS-T database as a modelling
exercise. The designer must decide on what real-life physical
elements to include and in what manner. For example, a GIS-T might
include highways, maintenance facilities, TAZ's in the form of. lines,
points, and polygons respectively. The TIGER/Line files contain
spatial data for all roads, rivers, and rail lines. However, while
TIGER has highway classification information, these files do not
contain roadway characteristic data, such as directionality.
Moreover, TIGER does not contain bus route information and certain
transit features, such as transit stations or maintenance facilities.
These transit features may have to be digitized at the MPO, involving
weeks of staff time. In certain instances, other representational
choices may not be so obvious; for example, a bridge may be depicted
as an arc at a small scale or as a point at a larger scale.
The database design should reflect the type of analysis to be
performed on the data. Since MPO's may have to coordinate different
levels of analysis, such as corridor and site level work, the database
design should be flexible and allow for different levels of
aggregation. Establishing this flexibility involves identifying the
finest-grained unit of aggregation needed for analysis. While areal
units may always be aggregated into larger units, the reverse is not
possible, unless the finer degree of measurement has been made in
the first place. For example, parcel-based Census data allows for
fine-grained traffic impact analysis and, with aggregation into
TAZ's, for large-scale TDM.
Dueker has identified three levels of geographic detail for GIS
applications of an MPO (Figure 4.1). These levels are distinguishable
by orders of magnitude; differences in map scale, accuracy, data
volume, and cost of data acquisition (Dueker, 1988). The three
levels are:
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FIGURE 4.1: GIS APPLICATION AND LEVEL OF DETAIL: URBAN.
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1. Level I or planning level: For systems type work,
requiring databases built at a geographic detail of traffic
zones and Census tracts. These data support modelling
activities, such as travel demand models.
2. Level II or management level: For project level work,
requiring parcel-based data. This level is common with traffic
impact analysis.
3. Level Ill or engineering level: For work requiring
engineering accuracy such as intersection analysis. Although
MPO's rarely work at this level.
Once the data and uses of database are defined, the question
becomes how to organize the spatial and attribute data. With a GIS-
T, a relational database is preferable to hierarchical database. In a
relational database, data tables are normalized, meaning that each
record has one distinct key value. Tables are then linked by key data
fields permitting database queries using relational algebra (Date,
1987). In the case of a GIS, the key fields are locational reference,
enabling attribute data to be accessed geographically. The MPO,
however, may have to acquire Relational Database Management
System (RDBMS) software and train staff on its use. GIS packages
differ in their approach to DBMS; some have a built-in DBMS, others
have facilities for linking to common DBMS software.
Data storage considerations may be important in making data
inclusion decisions. The bulk of the storage demands with a GIS-T
are generated by spatial data. The spatial data for a GIS requires
considerably more storage space than the geographical data for a
TDM. For example, for a SMSA of three million, network coding on a
TDM may require one to five MB's (Kaatrud and Lewis, 1989). For the
same region, the spatial data required by GIS may be ten to fifteen
MB's. The difference is, of course, due to the topology (Appendix 1.1)
built into the GIS database. Furthermore, as seen in Figure 4.1, the
volume of spatial data is inversely related to the scope of the
problem area (Nyerges and Dueker, 1988). However, data storage has
decreased steadily in cost; especially, for micro-computers.
Conceivably, the MPO may experience storage constraints with the
use of different networks for transportation analysis. This is a
common problem at the state level where multiple forms of
locational referencing are supported (Fletcher, 1987). At the
metropolitan level, the use of multiple networks is limited; for
example, the MPO may store separate networks for highway and bus
routes. These networks may have a different set of nodes, resulting
in a different segmentation of the network. While causing no
storage problems in a TDM, the storage of separate bus and highway
networks may be of significance when used in a GIS-T context.
Dynamic segmentation represents a strategy for dealing with the
storage problems posed by multiple representations of the same
network (Dynamic segmentation is described in Appendix 1.61).
Dynamic segmentation may allow the MPO to work with a single
network, which is segmented given the nature of the work being
performed at the time. Dynamic segmentation is an emerging
technology and thus, only just becoming available in GIS packages.
Software development by an outside consultant may be required to
best fit a GIS-T to a particular MPO's needs.
4.3 Data Capture Issues.
With a GIS, locational data must be captured and linked to existing
attribute data. The key issues under data capture are related
primarily to the spatial referencing system, and revolve around the
questions of scale, the projection or coordinate system, accuracy,
and spatial data sources.
Of first concern when designing a GIS-T database is what base map
to use. Immediately the scale of the data becomes an issue. Using
Dueker's analysis (Figure 4.1), system level work (Level 1) usually
requires a scale of 1:100,000; project level work (Level 11) requires
a scale of 1:10,000; and engineering level work (Level Ill) a scale of
1:1,000 or 1:2,000. As seen in Figure 4.1, data scale relates to
accuracy and data volume. Typically, the work of an MPO occurs at
Levels I and II, and does not require the engineering accuracy of
level Ill (Dueker, 1988). Previous investment in geo-referenced
data, commonly used for automated mapping packages or for TDM
with graphic display, may result in a bias towards certain scales.
Ultimately, the scale issue may be decided by data source
availability. The principal choices are between primary data capture
and use of secondary data sources (Appendix 1.4). Primary sources
represent the high cost end of the spectrum, secondary sources the
low end. Many secondary source data may require modifications to
be compatible with existing databases. The initial choice of data
sources (Appendix 1.4) depends largely upon the resources of the
agency.
Given the high cost of primary data capture, MPO's are likely to rely
on secondary spatial data sources or previously digitized
cartographic information. Such information is available from a
variety of private and public agency sources, at a variety of scales.
The DLG's (Appendix 1.41) and TIGER/Line files (Appendix 1.42) will,
no doubt, constitute a prime data source for most MPO GIS-T's. With
the use of TIGER, the MPO has to be satisfied with relative accuracy
as opposed to engineering accuracy. TIGER/Line files are relatively
accurate in the sense that a given street is correctly situated in
relation to other streets. However, the accuracy of TIGER may not
be absolute; for example, the positioning of the streets may not be
geographically precise. For the purposes of TDM and the type of
maps generated by an MPO, relative accuracy may be satisfactory
(Simkowitz, 1989d). Consulting firms and utility companies may
also be a valuable local source for digitized information on a
specific project.
Considerable work may be necessary to make many external digital
cartographic files operational in a GIS-T database. The edges of
individual maps must be fitted to contiguous maps so that
corresponding links are correctly joined. The spatial referencing
system may differ between the network attribute data of a TDM and
the TIGER-based data of the GIS-T. For example, the
latitude/longitude referencing employed by a TDM may not
correspond to the state-plane coordinate system used by the GIS-T.
This may require special coordinate conversion software which may
be developed at the MPO.
TIGER/Line may also require some work to be made functional in a
GIS-T context. The GBF/DIME file from the 1980 Census had many
errors, which were to be addressed by the TIGER/Line File
(Simkowitz, 1989d). However, considerable staff time, possibly a
few weeks, may be required to check the TIGER/Line file for errors
and make corrections based on local maps. The MPO must check the
TIGER file for correct geo-coding; that is, the correct address and
street name. The TIGER file must also be checked for relative
accuracy. There may be also technical problems, such as capturing
the three-dimensional aspects of bridge and tunnel depiction. The
U.S. Census Bureau will incorporate TAZ's into the TIGER/Line file
upon request by the MPO; however, the MPO must first provide the
Census Bureau with the specifications of the TAZ's.
To make TIGER ready for TDM, requires the construction of network.
This network should be comparable to the network currently used by
the MPO. TIGER/Line files include all classes of roads; however, TDM
is usually restricted to higher class roads (major arterials).
Therefore, the arterials desired by the MPO for modelling purposes
must be extracted from the TIGER/Line files. Since road
classification is included in the TIGER database, a simple program
may be written to extract these arterials based on highway
classification. Network characteristic data from the MPO's existing
database may then be attached to the network extracted from TIGER.
For traffic impact analysis, new networks may also have to be
constructed. The MPO may wish to use both major and minor
arterials for a given traffic impact study area. Thus, the MPO may
not need to alter the TIGER/Line file for the study area. However, it
is unlikely that the MPO has the corresponding characteristic data
for the minor roads contained in the traffic impact database. These
data must then be collected by MPO staff or taken from some other
source, such as consultant reports.
Demographic data used in TDM by MPO's may also originate from
Census sources. The MPO may use Census products, such as journey
to work and summary table file data. The Census Bureau builds in
indexing of these data to the TIGER/Line file in a process known as
"coding". Many MPO's found errors with this coding in the 1980
Census data (Wystrom, 1989). Therefore, it is likely that an MPO
may have to allocate a few weeks of staff time for error checking of
the coding for 1980 UTPP and STF data, to make these data
compatible with the TIGER/Line file.
4.4 Data Management and Maintenance Issues.
Database management is taken here to include the management and
maintenance of spatial and attribute data. MPO's, for the most part,
do not originate much spatial data; therefore, data maintenance and
the timing of data updates are important.
In general, database maintenance consists of; checking the accuracy
of the data, updating the data, preserving data integrity, and
guarding against the corruption of existing data either by accident
or intention. All data have a life-cycle; therefore, adequate
resources must be allocated for updating data when necessary. Data
updating may be more of an issue with attribute data than with
spatial data. For example, a network attribute, such as road
condition, may change more rapidly than the location of the road
itself.
Replacement costs for data updates may share many of the same
characteristics of data capture costs. Replacement costs may differ
depending upon the source of the data; usually primary data costs
are higher than secondary data. The cost of data updating may also
vary from project to system levels since data cost is variable with
the scope of the application (Dueker, 1988).
The maintenance of most of Census data products is overseen by the
Census department. The geographical information has been
coordinated by the geographical division within the U.S. Census
department; however, there are no current plans for the maintenance
of TIGER/Line files. With an operational GIS-T, the MPO is
interested timely updates of spatially referenced information and
may not be willing to wait for decennial Census updates. Therefore,
a system should be in place for updating the TIGER/Line file. This
data updating involves the inclusion in the database of any road
additions or deletions. Most major road additions (and deletions)
information may be gleaned from the annual UPWP's produced by the
MPO. For minor roads addition and deletions, usually found in new
growth areas on the periphery of the urbanized areas, a system of
annual reporting from localities to the MPO may be developed. For
network characteristic data updates, presumably, the MPO's
presently have established systems.
In some urbanized areas, an agency may be designated by the
regional Census office to maintain the local TIGER file. The MPO
should then establish a relationship with this agency to receive
annual updates for their in-house TIGER files. Many MPO's and COG's
(Atlanta, SCAG, etc.) actually produced the TIGER/Line files for their
respective jurisdictions. In the future, many MPO's may be called
upon by local agencies to take on the responsibility for maintenance
of the TIGER files.
4.5 Hardware and Software Issues.
Aside from data preparation and data maintenance, a significant
portion of the cost of a GIS-T involves hardware and software
purchases. Hardware and software industries are characterized by
rapid change. To remain flexible in such an environment, an
appropriate strategy may involve acquiring hardware and software
incrementally. This incrementalism is generally more plausible for
hardware acquisitions.
The most suitable hardware configuration for an MPO may depend on
a number of factors: the size of the MPO; the size and complexity of
the database; the historical management of the data in the MPO; the
number of users; previous investment in software; and available
budget. The existing hardware configuration also impacts hardware
configuration decisions. It is unrealistic to assume that an MPO will
abandon current computer platforms, which represent a substantial
investment.
Incrementalism represents a valid strategy for confronting a
situation composed of budget restrictions, previous hardware
investment, and the rapidly changing computer industry.
Incrementalism refers to the acquisition of hardware and software
in discrete portions. These incremental additions are linked to the
overall system without affecting the operations of the whole
system. Thus, incrementalism implies planning hardware purchases
so as just to meet projected use. Given an estimated 18 month half-
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life for hardware (Fletcher, 1989), the agency may wish to remain
as flexible as possible and not overcommit to technology which may
be rendered obsolete by subsequent technological innovation.
Incrementalism does not ensure total flexibility since each
hardware purchase commits the organization, to some degree, to a
particular technology. An incremental approach may be
accomplished through the use of phasing-in of equipment purchases
in the implementation plan (see Chapter V).
The effectiveness of an incremental approach to the computing
environment may depend on how the MPO chooses to organize
information flows. There are three generic computing environments:
centralized, decentralized or distributive.
A centralized computing environment consists of a single large
mainframe computer with user departments connected by a series of
terminals. These terminals provide remote access to a database but
not remote data processing.
A decentralized computing environment involves several computers
with each user department having responsibility for its own system.
A decentralized arrangement may support a combination of hardware
platforms. These computers are not interconnected; therefore, data
is passed from one computer to another through magnetic media or
ad hoc connections.
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A distributed processing environment represents a hybrid of
centralized and de-centralized approaches, exploiting the
advantages of the two. This approach consists of interconnecting
computer terminals on-line over a network. Special software tools
enable users to access the computing power and data libraries of any
computer terminal on the network from any access terminal.
In the course of implementation, a GIS-T may be placed in all three
environments. Initially, the MPO may utilize a de-centralized
approach for GIS-T development; a GIS-T may first be placed in
single department on a stand-alone computer. As the GIS-T project
grows in size and computing demands, the GIS-T may begin to rely on
the mainframe. However, in the long-run, as the GIS-T integrates
databases across departments, it is likely that the MPO will adopt a
distributive approach. As discussed earlier, it is likely that
different components of the MPO's database are maintained by
different departments. The common locational reference system
allows each department to make use of data from other departments.
A distributive computing environment facilitates this
interdepartmental data access. For example, the highway
department may require transit data for a corridor study, which is
accomplished through a distributive network.
The modularity associated with a distributed approach also allows
for incrementalism in hardware acquisition. With a distributive
network, new hardware may be added or subtracted from the
network without major disruptions to the overall system. Thus,
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different hardware servers can be phased-in across the network,
such as plotters, etc. A network also provides greater scope for
sharing hardware servers. MPO's are likely to require a small
amount of primary data; therefore, digitizing equipment may be
shared among departments as opposed to providing digitizers for
each department. Digitizers will have to be physically moved from
department since digitizers cannot be shared over a network. On the
other hand, each department may generate reports and maps
resulting in a need for plotters in each department.
Software decisions are also crucial for a GIS-T. Software decisions
are required for the GIS engine and for any customized software
required by the GIS-T. The software considerations consist of the
compatibility of the particular GIS package with existing software
packages used in the agency. Compatibility means the ability to
import and export data files from the GIS to other applications, such
as a DBMS or spreadsheet software. Software configuration may
become less an issue, as GIS software vendors develop interfaces
between GIS and common operating systems and DBMS software.
The choice of a GIS software involves considerations of user
interface and GIS functionality (Appendix 1.5). The user interface of
the GIS package is important since it affects the practical
accessibility of the GIS-T to would-be users. A cumbersome user
interface results in a steep learning curve, requiring resources in
the form of staff time and money for training. Vendors appear to be
aware of this problem and are producing better interfaces, such as
menu-driven software. Existing interface may be customized,
involving in-house development of macros and software layers on
top of a command-driven GIS software. A further option is to
separate the user interface from the application.
GIS functionality by definition consists of: geographically
structured data; linkage of locational and attribute data; and
analytical map overlay. Certain functional aspects are universal
among GIS packages including; the ability to calculate distance
between points, the length of lines, and areas and windowing or
zooming-in on select areas. The ability to graphically edit is useful
for the MPO for extracting smaller highway networks from a larger
metropolitan network database. Creating network extracts is useful
for sub-area or corridor analysis.
A MPO may be particularly interested in the way in which the GIS
software package handles operations on lines. This includes the
ability of the GIS-T to perform thematic mapping on a network in
the form of bandwidth depiction of traffic flows. An MPO is
especially interested in how a GIS package handles network (line on
line) overlay. This capability is required for the overlay of networks
which are segmented in different fashion; for example, a bus route
network may be overlaid on a road network.
Incrementalism in software choices is more difficult than in
hardware choices. GIS software is not divisible and represents a
discrete purchase. For a demonstration project or experimental use,
the MPO may purchase a micro-computer version of a GIS package.
Once it is decided to implement a full GIS-T, the MPO may acquire
the larger version of the GIS software.
Off-the-shelf GIS software packages, may not be suitable for a GIS-
T. Areas requiring customized software must be identified and may
include: the coupling of the GIS and TDM, customized user interfaces,
and development of software tools to make a GIS-T functional in a
networked computing environment. The development of these
special software may be accomplished in stages. For example, in the
initial stages, special software development may concentrate on
user interface improvements. In the later stages of the GIS-T
implementation, software development may be concentrated on
network software tools.
4.6 Data Analysis Issues.
Data analysis includes issues arising when actual applications are
run on the GIS-T. The issues highlighted here revolve around the
coupling of GIS and TDM used by an MPO.
As indicated earlier, a GIS-T can potentially enhance existing TDM
and analysis performed by an MPO. GIS's currently offer
transportation analytical techniques, supplanting the established
TDM techniques. Rather, GIS provides a potential enhancement of
these techniques and the management of the underlying data for
model input and output. In this context, the important issue
becomes the configuration of the GIS and the TDM.
Lewis has identified six possible configurations of GIS and a TDM --
alternatively known as a Land-Use Transportation System Models
(LUTS) -- as depicted in Figure 4.2 (Lewis, 1989). Generally, a LUTS
may be; one subset module of the GIS; interact with the GIS; be fully
integrated with modelling capabilities into GIS; or exist separately
from the GIS. Efforts at full integration have yet to demonstrate
full GIS functionality (the ability to do spatial operations such as
polygon overlays and joining) and full transportation modelling
capabilities (working with matrices and
incorporating intersection delays). Although the industry trends are
difficult to determine at this point, GIS packages appear to be
adapting more network-type functions, such as shortest path.
Transportation modelling packages seem to be adapting more GIS-
like features, such as interactive graphics, but still lack basic GIS
functionality and the ability to relate features spatially (Lewis and
McNeil, 1986). Given existing investment in TDM and the data to
support these models, the likely path in the short to medium term
for MPO's appears towards Model Three in Figure 4.2; that is, TDM
interaction with a GIS. Figure 4.3 provides a more detailed look at
the possible couping of a TDM with a GIS. Lockfeld and Granzow have
identified different areas of coupling which they term "hooks"
(Lockfeld and Granzow, 1989). The hooks between a TDM and a GIS
may occur at the levels of: display management of TDM output, data
FIGURE 4.2: GIS-LUTS: POSSIBLE DEVELOPMENTAL
CONFIGURATIONS.
SOURCE: Lewis, 1989.
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FIGURE 4.3: TRANSPORTATION MODELS AND GIS-T COUPLING.
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management of TDM output, and data management of TDM input.
Notice the need for special software for the management of data
transactions between the TDM and the GIS databases. Currently,
such software is not generically available and must be customized.
The coupling of a GIS and TDM should allow for concurrent updating
of the GIS and TDM databases. For example, alteration of TAZ's
should automatically update the O/D table (Appendix 11.1). Many GIS
packages, unlike TDM, do not really deal with matrix operations.
Current research on the coupling of a GIS-T to a TDM includes a
FHWA-sponsored project in Johnson City, Tennessee in which the
local MPO is working on links between a TDM and a GIS. In this
project, the GIS is seen as a potential front-end processor to a
collection of traffic optimization and simulation models (Kiel and
Bridwell, 1989). However, problems have been encountered with
differing coordinate systems and different node and link structures.
A GIS may also be coupled with activity allocation models such as
the ITLUP. The GIS offers the ability to move from the scale of
aggregation required by TDM to the relatively smaller scale of
aggregation required by activity allocation models. Some MPO's are
actively using such models and are currently grappling with the
questions of interface with a GIS. Notable examples are: the
Southern California Association of Governments (SCAG) (Heikkila,
1988), The Puget Sound Council of Governments (PSCOG), and the
Mid-America Regional Council in Kansas City (Watterson, 1989). As
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is the case with a TDM interface, a GIS-T can manage data input and
graphically display activity allocation model output. Scenario
testing can be performed and model output overlaid with traffic
flow output or other data. Coupling a
GIS and activity allocation model offers the possibility of more
dynamic modelling of the interaction between land-use and
transportation. Activity allocation models may provide data input
into TDM. Traffic flow output from TDM may then be related to
surrounding land-use and neighborhood characteristics and used as
input into activity allocation models.
The issues of interfacing GIS and TDM should not overlook the
question of the integrity of the underlying models. If the underlying
transportation or activity allocation model is inadequate, then the
GIS enhancement is arguably not worthwhile. The GIS-T may provide
better data for the model; however, whether this ultimately results
in better analysis also depends on the validity of the underlying
model assumptions.
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CHAPTER V: THE DESIGN OF A STRATEGIC
IMPLEMENTATION PLAN.
5.1 Introduction:
The preceding discussion of organizational and technical issues
associated with GIS-T implementation represents an inventory of
major issues for consideration when designing an implementation
plan. The fact that the discussion was largely general and
conceptual may overlook some of the practical difficulties in making
a GIS-T operational. It must be realized that a fully operational
GIS-T may take a period of many months or even years to construct.
The implementation of a GIS-T is, in fact, a developmental process
involving organizational learning and staff development. To provide
a clearer picture of the evolutionary nature of a GIS-T, a likely
phasing-in plan for a GIS-T at an MPO is discussed below.
5.2 Pilot Project.
The first likely component of a GIS-T project is experimentation and
practical testing of a GIS. This might involve a pilot project in
which a GIS software package is used on a small dataset. The pilot
project might consist of using a network extract with few TAZ's in a
TDM, and use of a GIS to manage model input, plot model output, and
overlay thematic maps of demographic data.
The intent of sample pilot project might be to:
1. Evaluate the GIS software package in terms of user
interface and spatial data manipulation capabilities.
2. Identify staff training requirements for a GIS-T.
3. Further assess the hardware requirements for a GIS-T, such
as storage requirements.
4. Identify necessary modifications of the TIGER/Line file, to
assess the scope of work involved in making TIGER data
operable in a GIS-T context.
5. Identify the utility of a GIS-T for the manipulation of TDM
input and output and identify the possible links with the MPO's
current TDM.
6. Evaluate the map production capabilities of the GIS versus
existing map production facilities.
The pilot project may occur on a stand-alone workstation or micro-
computer. A micro-computer version of the GIS may be purchased.
An analyst may be assigned from the DBA to work part-time on the
project. The analyst may spend the initial two to three weeks of his
time on learning the GIS software, from the user's manual and
examples in the package.
A TIGER/Line file extract may be purchased. This extract may
contain on the order of 500 to 1000 links and the boundaries data for
about 20 TAZ's. The TAZ's represent an amalgam of Census block
boundaries and may be constructed in TIGER by the Census Bureau.
However, the MPO must first provide the boundary specifications of
the desired TAZ; specifications may be derived from the existing
TDM database.
The Census demographic data from the 1980 Census must then be
attached to the TIGER file extract. For the purposes of a pilot
project, Census data extracts corresponding to the area covered by
the TIGER file extract, may be used. This attribute information is
coded with the TIGER file extract, and requires a small amount of
storage space in comparison with the spatial data.
To perform the TDM from the small dataset, the pilot project may
make use of the MPO's current TDM. Data may be transferred from
the TDM to the GIS-T data by diskette. The network of the TIGER file
extract must then be encoded into the TDM. Any projection problems
between the TDM and TIGER must be corrected; for example, the
coordinate system of TIGER is state-plane coordinates may differ
from the latitude/longitude coordinate system of the TDM.
Therefore, small programs may have to be written to convert
between the two coordinate systems. The modelling algorithms and
assumptions of the TDM will, of course, not change.
A few traffic assignments may then performed on the network
extract. Results may be depicted on the GIS-T. The plots of traffic
flow output may be overlaid with thematic maps produced from the
Census demographic data. Simple manipulations may then be
performed on the TDM output data, such as bandwidth depiction of
traffic flows on the network. The pilot GIS may also be used to
disaggregate certain TAZ's by Census tract for use as data inputs for
the TDM, simulating, for example, the disaggregation associated
with a sub-area study. Finally, if the MPO has a plotter, TDM output
and thematic maps may be plotted in hardcopy form. If the MPO does
not have one, a plotter may be purchased as part of the pilot project.
In addition to data manipulation experimentation, the pilot project
may be used for developing training programs for other staff on the
use of the GIS software. Furthermore, demonstrations of the use of
GIS may be performed on the pilot project to educate management on
the uses of GIS technology.
Should it be decided not to continue with a GIS-T, the GIS software
and hardware purchased for the pilot project may be used for
mapping purposes and small projects.
5.3 Phasing-in a GIS-T Project:
Project phasing refers to the introduction of a GIS-T in stages,
which increase in complexity and scope. Phasing represents a
strategy for the implementation of a GIS-T, reflecting the
developmental nature of the endeavor. The advantage of a phasing
approach lies in the ability to incorporate feedback from each stage
of the project into subsequent stages. This "learning by doing"
approach serves to improve the design of the GIS-T. Furthermore,
the use of a phasing-in approach allows for flexibility in altering
software or hardware choices during the course of the project in
response to new technological innovations. Finally, phasing-in is
conducive to a low-budget environment where purchases may be
made in smaller portions.
A sample phasing-in of a GIS-T project might consist of:
1. Phase I (four to six months): A pilot project (as described
in section 5.2).
2. Phase |1 (six to nine months): Use of the GIS-T on an
actual study, such as sub-area analysis within the Highway
Analysis Department.
3. Phase III (nine to twelve months): Expansion of the GIS-T
to manage the database of the Highway Analysis Department.
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4. Phase IV (eighteen to twenty-four months): Establishment
of the GIS-T on the MPO's mainframe and use of the GIS-T to
integrate data across all departments of the MPO.
5. Phase V: More advanced uses of the GIS-T, such as
making use of other agency databases.
6. Phase VI: Periodic evaluation of the GIS-T project and
technological innovations.
The evaluation and knowledge gained from the pilot project helps to
refine the objectives of Phase 11. Given the reliance on previous
digitized information, such as TIGER, Phase 11 is best placed in the
Highway Analysis Department. Situating Phase II in other
departments, such as transit, may require extensive digitization.
Staff from the highway analysis department might be used in
association with staff from the pilot project. Staff for Phase 11,
might consist of five to seven half-time staff members. Initial
work might involve training project staff on the use of the GIS,
which may require two to three weeks.
The TIGER/Line file extract for the focus area, complete with TAZ's,
may be acquired from the Census Bureau and mounted on a stand-
alone workstation or micro-computer in the Highway Analysis
Department. The database may be on the order of 50 TAZ's with
1,000 to 5,000 links. Use of a GIS on a stand-alone workstation will
require storage space sufficient for the GIS software, the TIGER
extract data, multiple versions of the TIGER extract for various
experimental work, and extra space for the data manipulations by
the GIS. To accommodate a database of this size may require a disk
with a capacity on the order of 300 MB.
The GIS may then be used to check the TIGER file extract for errors.
Use of an actual project means that the TIGER/Line file may be
compared with actual project base maps. Use of actual maps
provides the MPO with a general understanding of the accuracy of
TIGER data. This knowledge is helpful for planning future TIGER data
checking and maintenance activities, and other future use of
TIGER/Line files. Any additions in the TIGER/Line file may involve
digitizing. Therefore, digitizing equipment must be purchased for
Phase II and staff must master digitizing techniques. TIGER and
attribute data preparation may require a couple of weeks to one
month of work from five half-time staff members.
Modelling on the sub-area network may be performed on the TDM
operated on the MPO's mainframe. Traffic flow output data from the
TDM may be transferred to the workstation for use with the GIS.
Any special software developed for the conversion between
coordinate systems of the TDM and the TIGER data in the pilot
project may be used in Phase 11.
Phase I allows for a more detailed evaluation of the use of the GIS-
T for the management of TDM data input and output. Extensive use of
network modelling provides an idea of the nature of the coupling
between the GIS package and the MPO's TDM. Use of a GIS-T in an
actual project situation cultivates staff with experience in
digitizing and the use of the GIS-T. Phase Il may also produce useful
customization and improvement of the GIS user interface. Different
analytical uses of the GIS-T may become apparent to project staff.
Finally, the GIS output for map production and report generation may
also be evaluated.
A valuable aspect of Phase 11 is the experience gained in working
with TIGER data. Staff will better understand the requirements for
making the TIGER/Line file data operational on the GIS-T, including
efficient approaches to checking and editing the database. It is
unlikely that additions and corrections to TIGER at this stage will
have be of lasting value, unless a program for the maintenance of the
TIGER data is developed. The issue of TIGER data updating is likely
to be addressed in a subsequent phase of the GIS-T implementation
based upon the experience with TIGER maintenance in Phase 11.
Phase IlIl involves the use of a GIS-T to meet all the needs of the
Highway Analysis Department. This may require the purchase of a
few graphics terminals, hardware peripherals such as plotters, and
extra computer storage. The Highway Analysis Department may
require technical assistance from the hardware coordination group
within the MPO to make the hardware functional. The GIS-T may
utilize the computing environment of the department, accessing the
mainframe database and using the mainframe's computing power.
Therefore, the development of software tools to make this
connection functional may be necessary.
The TIGER/Line file for the whole region used by the MPO must be
placed in the GIS database on the mainframe. These data must be
checked for errors and coupled with selected attribute data, such as
Census demographic data. Depending on the method, data checking
and error correction of the TIGER/Line file for the whole region may
represent a month's work for about five half-time staff members.
Major arterials must be extracted from the TIGER database to match
the network data contain in the TDM. The network characteristic
data from the TDM must then be attached to the extracted network.
These activities require some routine programming.
The GIS may have to be made compatible with the TDM in terms of
input and output. Projection issues are easily dealt with based upon
the experience of earlier project phases. Network modelling may be
performed on the TDM housed on another computer with results used
on the GIS-T. Establishing couplings between the TDM and the GIS-T
may involve the use of in-house programmers or hiring a consultant.
Finally, organizational issues may have to be worked out. Staff from
the Highway Analysis Department, in tandem with the database
administration staff, may be designated to be responsible for the
management and maintenance of the GIS database. In this Phase, the
department may begin to formulate procedures for maintenance of
the database.
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With Phase IlIl, the GIS-T implementation begins to yield more
practical benefit and appear less experimental then in previous
Phases. Phase IlIl may provide insight into use of the GIS-T for
managing the complete TIGER/Line file for the region and enhancing
TDM output. Phase IlIl may also allow assessment of the use of a
GIS-T working in batch mode with the MPO's mainframe computer.
Because of the expanded scope of the GIS-T in Phase Ill,
organizational issues may increase in importance.
The extensive use of TIGER/Line file data Phase Ill will also initiate
discussion on inter-agency coordination in data maintenance and
data exchange activities. The time, cost, and sustainability of
making TIGER data operational in a GIS-T context largely depends
upon the extent to which these efforts are planned and documented
as part of DBMS maintenance efforts that is coordinated with other
regional users of the data. It may not be possible to achieve the
desired level of inter-agency coordination during Phase 111, in which
case some reconstruction or updating of the GIS-T database may
have to be done later, perhaps as part of Phase V.
Phase IV may be the most time-consuming stage. This stage may
involve housing the GIS-T on the MPO's mainframe and establishing
access across departments. The distributive computing system
alone may require months for software development (see section
4.4). The staff time requirements are more for the planning, design,
and testing of a multi-user system than the actual programming.
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Much of the network software may be developed by outside
contractors. The distributive network will require rethinking on
current organizational information flows and existing database
maintenance responsibilities among departments.
Phase IV may also involve the introduction of a RDBMS which is more
desirable for a GIS-T (see section 4.4). This may be accessed over a
network by a GIS in addition to being used as a normal DBMS. RDBMS
software will have to be purchased and staff trained on its use
which may require a month or two. Database conversion from
existing DBMS to a RDBMS will require planning and design work on
the part of in-house DBA staff.
The development of a transit database (e.g. bus routes) may require
weeks of staff time; again, primarily for planning and design. While
much of the transit network data may exist on a TDM, this must be
transferred to a GIS. The transfer of transit data may involve
software which translates from the coordinate system of the TDM to
the coordinate system of the GIS-T. In addition, to be made
operative in a GIS-T context, topology (Appendix 1.1) must be created
in the transit network database. Depending on the GIS software,
building topology may be accomplished within the GIS package or
may require special software tools developed by a consultant. To
make the transit database complete, the MPO may wish to digitize
special features, such as stations or maintenance facilities.
Digitizing and checking the accuracy of the digitizing may require a
few weeks of work.
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The consolidation of the MPO's major databases on the GIS-T
represents a major project. Many of the organizational issues, such
as discussed in chapter li1, are of importance at this phase. Phase
IV provides insight into issues raised in using a GIS in a multi-user
environment. The increased amounts of spatial data required by
Phase IV may lead to evaluation of the design of the MPO's database
as data storage limits are reached. At this stage, alternative
storage strategies, such as dynamic segmentation (see section 4.2),
may be explored, as a way of supporting multiple networks. Phase
IV also provides a look at use of the GIS for database management
across departments raising organizational issues such as
assignment of database maintenance responsibilities.
Phase V may involve advanced activities, such as the use of other
agency databases and providing network data extracts to local
planning agencies. Once a GIS-T is operational, maintenance
programs for the database should be developed as discussed in
Chapter IV. Further refinement of a multi-user approach may lead to
development of special software, enabling the user to access
different applications simultaneously.
Phase VI involves annual evaluation of the GIS-T. This evaluation
assesses the performance of the system, further expansions,
staffing requirements, equipment purchases, etc. These project
evaluations may also assess technological developments in GIS or
computer technology, which may enhance the operations of the
system. For example, optical storage technologies may become a
cost-effective way of meeting the increasing GIS database storage
demands.
In summary, what is gained at each stage? Phases I and II are
characterized as experimental uses of the GIS-T. Phase I represents
the MPO's initial exploratory uses of the system. Phase II is a more
"learning by doing" stage, yielding some tangible benefit in the form
of map output and analysis performed on a small project database.
In Phases III and IV, the benefits of a GIS-T become more apparent
through more practical applications. Phase Ill demonstrates the
GIS-T benefits in database management benefits of data access and
analysis in the extensive use of TIGER data and routine TDM
interaction. Phase IV extends the benefits of the GIS-T to the MPO
as a whole by facilitating the integration of the agency's databases.
Phase V the stage at which a GIS-T may change the practice of MTP.
It is in this phase that the MPO might begin to explore the
opportunities of accessing data sources in other agencies, and
improving the interaction between land-use and transportation
planning, through the use of a GIS-T.
However, given present circumstances, the MPO might be content
with less than Phase V. In this case, the GIS-T might be used for a
few large projects with expansion of the GIS-T left pending as the
MPO and regional agencies grapple with the institutional and
technical issues associated inter-agency data exchange.
5.4 Towards a GIS-T Cost-Benefit Analysis.
With the completion of an implementation plan, the MPO may begin
to identify cost and benefits. Cost-benefit analysis implies a one-
time assessment and decision on a project. Therefore, this may not
be the most appropriate vehicle for the appraisal of a GIS-T, which
is characterized more as a developing process than a one-time
project. However, cost-benefit analysis is an appraisal instrument
decision-makers understand. It also provides an auditable trail of
decisions and allows management to track the flows of benefits and
costs from a project.
The calculation of the benefits of a GIS-T tends to be problematic.
The benefits tend to be less tangible in nature, and quantifying these
elements involves a high degree of subjectivity. Most benefits,
however, may be measured in terms of time, personnel, and
materials cost savings, all of which are quantifiable.
Costs, on the other hand, are more readily assigned then benefits
since the technical components of a GIS-T are more quantifiable.
The costs of a GIS-T might be broken down into investment costs
and operating costs of the system. Thus, a non-exhaustive list of
major costs might include:
a.) Investment Costs:
1. Staff time for project development and set-up.
Q&.
2. Consultant fees for outside design or evaluation work.
3. The opportunity costs of a GIS-T. This may consist of
projects put on hold during the establishment of the GIS-T.
4. Software costs for GIS-T.
5. Hardware costs for additional computer hardware.
6. Hardware peripherals such as digitizers and plotters.
7. Data capture costs for the automation of spatial data.
8. Costs for secondary spatial data acquisition, such as
purchase of DLG's or TIGER/Line files.
9. In-house software development such as required for the
coupling of a GIS with a TDM or for the computer network
operations.
10. Data storage costs.
11. Personnel training costs for the re-training of existing
staff and training of new staff.
b.) Operating Costs:
13. Data maintenance costs.
14. Personnel costs for operations and supervisory staff.
15. Contingency costs for software and hardware updating and
replacement.
The benefits of a GIS-T can be broken down into categories of
effectiveness and efficiency: effectiveness referring to the
improved management and analysis of data; and efficiency to the
time and labor savings in data handling. Thus, a non-exhaustive list
of major benefits might include:
a.) Data efficiencies:
1. Data capture savings from accessing spatial data of other
agencies or digitized data products such as the TIGER/Line
file.
2. Savings in data preparation.
3. Materials and personnel cost savings in map production.
4. Transportation system efficiencies from the information
system improvements afforded by a GIS-T.
b.) Data effectiveness:
1. Improved data manipulation.
2. Reduced error in database.
3. Improved data analysis.
4. Improved communication with decision-makers.
5. Faster turnaround time in data analysis.
6. The improved inter-agency data exchange such as providing
network data to local planning agencies.
7. The ability to access data in other agencies.
As part of a complete cost-benefit analysis, cost and benefit
streams should be projected over an extended period. The major part
of the costs of a GIS-T are investment costs, while many of the
benefits are realized after the GIS-T project is implemented.
Benefits of a GIS-T are arguably minor in the short-run and increase
in the long-run. In addition, sensitivity analysis and risk analysis
may be performed on project components. Sensitivity analysis, for
example, might consist of assessing the sensitivity of the project
costs to use of secondary or primary data sources. Risk analysis
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might be used to gauge the impact of hardware and software
innovation on project costs and benefits.
The above discussion of the phasing-in of a GIS-T project illustrates
the value of periodic assessment. After a GIS-T is operational, the
system should be evaluated periodically, possibly every year or two.
This assessment may consist of evaluating the performance of the
project and identifying further improvements. The MPO may also
wish to include an assessment of the possible utility of current
computer and GIS technology for the GIS-T system. The methodology
for quantifying costs and benefits employed in first appraisal may
prove useful for any subsequent re-assessment.
CHAPTER VI: CONCLUSION.
MTP is characterized by limited budgets and a widening scope of
demands. Issues such as suburban mobility are forcing MPO's to
perform both at macro level of system analysis as well as at the
micro-level of traffic impact analysis. This situation is creating
demands on the MPO for improved IS and more powerful analytical
tools to bridge the gap between land-use and transportation
planning.
While a GIS-T is not a panacea it can assist an MPO in meeting these
demands. The streams of benefits from a GIS-T may possibly be
viewed as relatively minor in the short-term, providing improved
database management capabilities. In the longer-term, the
increased benefits of a GIS-T become apparent; that is, the enhanced
uses of TDM and the ability to access new data sources data.
A GIS-T facilitates the integration of agency databases. It allows
for the movement between the macro and micro levels of analysis. A
GIS-T can enhance TDM inputs and the analysis of model outputs. A
GIS-T is useful for scenario testing of transportation alternatives.
A GIS-T can facilitate the integration of land-use and transportation
planning models in a cost-effective manner.
However, the decision for the acquisition and use of a GIS-T is a
complex one due to:
1. The lack of a generic GIS-T approach.
2. The widespread impacts of GIS technology across
departments within the organization.
3. The rapid change and general lack of standardization which
characterizes the hardware and software industries.
4. The importance of organizational as well as technical
issues.
5. The importance of institutional issues due to the fact that
GIS offers possibilities data integration across agencies.
6. The lack of spatial data standardization among local
agencies.
7. The few successful implementations of GIS's, in general, at
the local level, and limited GIS-T user history.
8. The diversity among MPO's, making generalizations across
regions difficult and restricting the replicability of
successful GIS-T implementations among MPO's.
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The preceding discussion represents a strategy for attacking the
complexity of the GIS-T question. The attempt is to bring some
structure and control to the GIS-T assessment avoiding the ad
hocism that has characterized past efforts.
The structure of the discussion was essentially along the lines of a
standard project appraisal process. Typically, this process begins
with: a needs assessment; a baseline survey; and a preliminary
project design upon which a "go/no go" decision is made. A decision
to proceed results in a more detailed project implementation plan
which is submitted to a cost-beneift analysis. However, with a GIS-
T, the assessment: should be broad in scope; should address
organizational and institutional issues in addition to technical
issues; and must deal with the environment of uncertainty which
characterizes current GIS-T applications.
The widespread impacts of GIS-T within the organization
necessitate a broadness in the scope of the assessment. Thus, as
seen in Chapter II, the needs assessment should include the MPO's
total future analytical and data needs, which may be derived from an
evaluation of present trends in transportation planning. The
baseline survey of the MPO's computing environment should also be
comprehensive including; all existing MPO information flows, and an
inventory of total hardware and software.
The GIS-T appraisal process should not be restricted to merely
technical issues. As discussed in Chapter III, organizational issues,
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such as management commitment and staff development, are critical
to a successful GIS-T implementation. Institutional issues, such as
inter-agency data exchange, should also be included in the
assessment.
Uncertainty permeates the appraisal process. This uncertainty
consists of: the rapid change associated with the hardware and
software industries, the lack of standards in GIS-T applications, and
the open-ended nature of GIS-T implementation. In such an
environment, it is helpful to view GIS-T implementation as an
evolutionary process. As illustrated in Chapter V, the
implementation of a GIS-T project may be accomplished in stages;
the initial stages involving limited exploratory uses of a GIS-T, and
the latter stages consisting of more practical applications of GIS
technology across the MPO as a whole. This developmental approach
facilitates continual feedback and revision of project objectives
during implementation. This approach also allows for
incrementalism in hardware acquisition and software development.
An implicit assumption throughout the discussion is that "better"
analysis results from "better" data; that is, the improved database
management provided by a GIS-T affords improved transportation
planning. However, as illustrated in Chapter V, obtaining "better"
data involves significant effort in terms of staff time and financial
resources. As highlighted in Chapters IV and V, the primary issues
in achieving "better" data and "better" analysis revolve around: the
use Census data products and TDM with a GIS-T.
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MPO's will probably continue to rely heavily upon Census data
products. MPO's adopting GIS-T's will, no doubt, make extensive use
of TIGER/Line files. However, there are many data issues associated
with the use of TIGER: staff resources must be committed to verify
and correct the TIGER data, and a system for the maintenance of the
local TIGER/Line file data must be established among local agencies.
It is likely that MPO's, in the absence of an adequate fully integrated
GIS-T package, will also continue to rely upon TDM. However,
extensive work will be required to couple the GIS and TDM, such as
the development of special software to manage the data
transactions between the two. In such a coupling, the value of GIS-T
for data analysis will largely depend on the validity of the
underlying modelling tools.
Despite the cost and difficulties in implementing a GIS-T, MPO's
will be unable to ignore GIS technology. Evident at the 27th Annual
Urban and Regional Information Systems Association (URISA)
Conference, was the fact that many local level agencies are either
acquiring or contemplating the use of GIS technology. The
proliferation of GIS is re-enforced by the industry trends of
decreasing hardware costs and increasing software capabilities.
As the industry matures and as understanding of GIS becomes more
widespread, increasing standardization will appear at all levels.
With regards to generic GIS's standards development, research is
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underway at the National Center for Geographic Information and
Analysis (NCGIA). In the transportation field, present federal and
state DOT research efforts may result in standards for the use of
spatial data in transportation planning. At the local level, clusters
of agencies with similar data interests may formulate spatial data
standards to facilitate local data exchange and data sharing. States
may even mandate the use of spatial data managers, as is being
contemplated in Florida as part of the state's growth management
strategy. Standardization may also appear in the hardware and
software industries to facilitate data exchange among different
applications and different hardware platforms.
The fact that MPO's will at least have to study the possible
application of GIS technology to MTP, stimulated my interest in the
topic of this thesis. In general, the topic proves large and
complicated, making it difficult to formulate the GIS-T appraisal
process in a complete and rigorous manner. The preceding
discussion represents an initial overview of the subject and a
preliminary formulation of an approach. The topic demands further
research, and study of successful implementation efforts.
Innovation in the field of GIS applications for transportation
planning is occurring in the vendor community, with practitioners,
and in academia. Therefore, continued information exchange
between these groups will be crucial for deriving a generic GIS-T
for MTP.
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APPENDIX I: THE BASIC CONCEPTS OF GIS.
This discussion is designed to provide a capsulated summary of GIS
concepts with respect to transportation.
1.1 Basic Concepts
The building blocks of a GIS are composed of three elements: points,
lines (or arcs), and polygons as shown in Figure 1.1.
A GIS-T is characterized by the extensive use of many different
types of spatial data. Point, polygon, and especially line data are all
integral to transportation planning. Points are used for the
depiction of nodal points and traffic zone centroids. Lines are used
for the depiction of road segments which make up a traffic network
and dummy links connecting the network to traffic zone centroids.
This is in the form of a "chain" which is the continuous collection
lines. A "string" is a sequence of line segments or set of connected
points providing cartographic detail such as curvature. Polygon data
are used for the depiction of traffic zones as well as administrative
boundaries. Polygons are formed by "rings" which are formed with
closed chains.
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FIGURE Ii: SPATIAL OBJECTS OF A G!S~
- Point
4 Node
String
4 Chain
Ring
- a set of x,y coordinates
- a topological connection point
- a set of connected points (line segments)
- a set of connected points with nodes on both ends
- a sequence of connected chains forming a boundary
SOURCE:
Polygon - an interior area surrounded by a ring
Nyerges and Dueker, 1988.
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FIGURE 1.1: SPATIAL OBJECTS OF A GIS.
An "entity" is the thing from the physical world to be represented.
The graphic representation of an entity is known as an "object' and a
"feature" refers to the both the entity and the object; for example, a
highway segment represented as a line is a feature.
The ability to know the spatial relationship among entities is known
as "topology", which is essential to a GIS. For example, the system
knows that for line X polygon A lies to the left and polygon B to the
right. While CADD/CAC systems have geometry they lack topology
and network connectivity (Dueker, 1987).
As shown in Figure 1.2, a full GIS consists of: data capture facilities,
a spatial and attribute database, a GIS engine, and output facility
including graphic display capabilities, plotting, and applications.
1.2 The GIS Database.
A GIS database typically includes locational and attribute data.
Locational or spatial data refers to the geographical coordinates of
a geographical feature. Attribute data refers to the data associated
with these features such as road condition with a highway segment.
Using key fields, such as locational reference, links these databases
relationally (Figure 1.3).
The coordinate system refers to where points of a GIS are located in
space. In the United States, longitude-latitude or state-plane
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FIGURE 1.2: GIS COMPONENTS.
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(Digitizing, Scanning,
External Databases, etc.)
FIGURE 1.3: A SAMPLE GIS DATABASE.
LOCATIONAL DATA
Hiahway - Network chains
SOURCE: Nyerges and Dueker, 1988.
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coordinate systems are followed; less common is the Universal
Transverse Mercator system (UTM).
A geo-code refers to a data value assigned to a spatial object that
provides information on the geographical location of the spatial
object such as street address, route number, etc. Both spatial and
attribute data may be geo-coded. Location in the form of geo-codes
may then be used as a cross-reference.
Locational cross-referencing needs should be taken into account.
This is the ability to cross reference different geo-coding systems,
which is usually done in a geographic base file for transportation.
The primary linkage may be through the location of points or
segments of the roads in a system.
The data needs of a typical transportation organization consists of
link and node data. Link data includes an identification number and
other characteristics such as; number of lanes, directionality, speed
classification or speed design, the designed capacity of the highway,
and any turning penalties that are associated with a given segment.
Dummy links may also be used for zonal centroid connectors. Other
inventory-type information such as data on the date of construction,
the pavement condition may also be kept, but is not necessarily used
in network modelling. Node data usually consists only of a
classification number.
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FIGURE 1.4: AN EXAMPLE OF DATA LAYERING.
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A
Major
Highways
B 11 B12
Subdistricts A1
A 21 A22
Maintenance districts (A, B) are overlayed with highways.
*Subareas Al, A21 and A22 are created from District A;
plus subareas B1, B1 1. and B1 2 from District B.
and are identified by:* . Two nodes are used from
the district data layer and seven from the highway layer.
SOURCE: Nyerges and Dueker, 1988.
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Four new nodes are established in the process
A typical GIS stores data in layers which are sometimes termed
"coverages". (see Figure 1.4). These layers are aligned in scale and
position to a base map. A base map may be used as a spatial
orientating layer for other spatial data. Alternatively, the base map
may be the highway network plus other features such as
administrative boundaries.
A fundamental component of a GIS database is the "base map" which
is defined as any set of information providing spatial orientation for
another set of information of primary focus (Nyerges and Dueker,
1988).
Presently, there is active debate in the field between object-based
or feature based database design. Object-based is a layered
topology approach while feature-based design creates relations
across layers.
1.3 Types of GIS.
There are two major types of GIS's: raster-based and vector-based
and a good GIS is able to convert between the two.
A raster-based system involves a simple sequence of numbers
describing the value of some characteristic associated with a
discrete portion of an image known as a "pixel". Raster data are
simple to create, store, transmit, and display, but requires a lot of
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storage space. Raster-based data are usually associated with
complex images such as satellite imagery.
A vector-based system, on the other hand, makes use of geometry to
depict a feature. Thus, vector-based data are, in effect, drawing
instructions. Vector-based GIS uses less storage but requires
complex software; especially when the map get complex such as a
satellite image. For transportation planning which makes extensive
use of networks, vector-based GIS is appropriate though with some
possible loss of information.
1.4 Spatial Data Sources.
Geographical data for a GIS comes from a variety of sources which
may be grouped into primary and secondary sources.
Primary sources refers to primary data capture. Data capture is the
process of digitally encoding spatial objects so that they may be
stored and retrieved by a DBMS for applications programs (Nyerges
and Dueker, 1988). This may be accomplished in a number of ways
including: manual digitizing, scanning, photogrammetry, and Global
Positioning Systems (GPS). Digitizing involves automating map
features from hardcopy maps by transforming them into digital
form. Scanning is the process of electronically reading a map and
converting it into a raster image.
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Photogrammetry involves the digitization of aerial photos, which
are publicly and commercially available. Finally, GPS represents an
emerging technology involving the use of satellites and grounding
devises to yield highly accurate positioning measurements.
Currently, there are two basic forms: static involving stationary
grounding devises; and kinematic which involve the mounting of
grounding devises on moving vehicles. The latter offers tremendous
promise for state and Federal transportation bodies for improving
the accuracy of their spatial databases.
Secondary data sources refers to ready made geo-coded data. Digital
cartographic information is available from a variety of private and
public agency sources. These include; the USGS digital line graphs
(DLG's), the U.S. Census' Topologically Integrated Geographic
Encoding and Referencing or TIGER File, and the Oak Ridge National
Laboratory (ORNL) 1:2,000,000 scale National Highway Network.
1.41 Digital Line Graphs (DLG's).
DLG's are produced by the USGS National Mapping Program from the
National Digital Cartographic Data Base (NDCDB). These files are of
interest to the MPO and include categories such as: hydrography,
transportation, boundaries, vegetative and non-vegetative cover, and
others.
Digital map products are sold by the USGS. The DLG transportation
data are composed of topologically structured link and node records.
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These are available for: the continental U.S. in the 1:100,000 scale
series; the entire U.S. in the 1:2,000,000 series; and selected
locations in the 1:24,000 series. (Simkowitz, 1989d). The 1:100,000
series, appropriate for an MPO, were derived from sources originally
in the 1:24,000 scale. DLG's contain only contain attribute
information on road class and route numbers for primary and
interstate highways.
1.42 The TIGER/Line File.
The TIGER/Line files are also of interest to the MPO. The objective
of TIGER is to provide digital line information covering the entire
U.S. in preparation for the 1990 Census. Although absolute accuracy
may still be questionable, TIGER does have relative accuracy
(Simkowitz, 1989d). Traffic Analysis Zones (TAZ's) used in TDM
(Appendix 11.1) will be constructed by the U.S. Census upon request.
TIGER can be related to the Census data through the FIPS (Federal
Information Processing Standard) code field (Simkowitz, 1989d).
TIGER was created from the GBF/DIME file and the extended DIME
file, which extended the DIME file to the nearest 7.5 minute quad
border; the DIME files have been edited to remove all topological
errors. The corrected files were then combined with USGS
1:100,000 scale DLG's for areas of the country not covered by
GBF/DIME. Figure 1.5 depicts the elements of the TIGER file.
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FIGURE 1.5: TIGER GEOGRAPHICAL BOUNDARIES.
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SOURCE: Simkowitz, 1989d.
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It is necessary to have software that can interpret, transform, and
use the topology implicit in the TIGER/Line files. Polygons such as
blocks, tracts, and administrative boundaries must be built. In
addition, the transportation network must be constructed and
directionality added so that paths may be built, all of which requires
special software.
Census provides five Summary Table Files (STF's) based on each
Census. Of relevance to the MPO are STF1 and STF2. STF1 details
data on population and housing to the block level. STF2 which is
broken down by Census tract includes: data on population by age
group, sex, and race; number of families and households, housing
units, and vacant units.
In cooperation with the U.S. DOT, the Census Bureau also produces
the Census Transportation Planning Package (CTPP) whose precursor
was the UTPP. This is a special tabulation of Census data based
upon TAZ's in the SMSA's (Simkowitz, 1989d). To acquire the CTPP,
MPO's must submit their specifications of the geographic detail of
the required TAZ's to the Census Bureau. The first TIGER/Line file
application was in the FHWA-sponsored demonstration project in
Boone County, Missouri which made use of the TransCAD package
(Simkowitz, 1989d). The MPO's will then receive, at cost,
information on: number of workers by sex and industry, number of
vehicles per household, household income, journey to work by mode,
number of housing units, and number of households grouped by
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household size. This information is linked to the TIGER polygons by
whatever geographical level desired (Census block, tract, TAZ, etc.).
1.5 GIS Functionality.
GIS functionality refers to the different spatial functions performed
by a GIS including:
1. The ability to create and edit geographically structured
data. This includes, for example, the ability to graphically
edit the screen with automatic database updating.
2. The ability to link spatial and attribute data. This is
usually in a relational database with locational reference
being the key field.
3. The ability to perform spatial overlays. This involves the
overlay of different layers for spatial analysis. Many GIS
packages also allow for the joining of overlaid layers.
1.6 Locational Referencing and Network Segmentation.
An issue for designers of integrated highway inventory systems for
GIS's has been in merging attribute data indexed by traditional
highway location reference methods such as milepoints into a
topologically structured GIS database. The debate over this issue
can be broken down into those advocating a single reference system
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to be instituted across an entire transportation agency before the
GIS transportation database is constructed (Simkowitz, 1988) and
the preservation of multiple referencing systems with different
databases for each system which can be overlaid on each other
(Fletcher, 1988).
The problems with the former are that different data elements
require different data collection techniques, such as survey data
requiring state-plane coordinates and other data requiring log-mile
data. In addition, transportation agencies have large capital
investments in their existing databases which are geo-referenced by
some existing method and data conversion costs, consisting of staff
re-training and re-programming costs, may be substantial (Fletcher,
1988). Critics of the preservation of multiple referencing systems
speak of storage problems and the practical difficulty in performing
adequate network overlays.
Related to the locational reference question is the issue of how to
treat network segments in the construction of GIS network database.
Segmentation may be either fixed or variable. Fixed means a
network was segmented at regular intervals such as a certain
number of log-miles. Fixed segmentation appears to be more of use
at the state or federal highway analysis level. Fixed length
segments loose the capability to discriminate any finer than the
length of the control section and cause considerable data
redundancy. With different attribute data one may have different
segmentation, which makes data integration extremely difficult.
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Variable segmentation means that the network is segmented
according to other criteria such as between intersections for
example. Fletcher points out the advantages storing separate
networks: changes in any one attribute can be made without
affecting another. New attributes can be added and obsolete ones
deleted easily (Fletcher, 1986). Applications need only process
those attributes of specific interest; reducing processing and local
storage overhead. Some entities can be modelled as either nodes or
arcs such as bridges without performing any secondary
transformations. With MTP, where the network is much denser and
the level of analysis is more detailed, the segmentation of the
network in a variable fashion seems more appropriate. This allows
for intersections to act as nodes and define the segmentation of the
network. The problem may be a many to one problem in which a
segment may have more than one label.
1.61 Dynamic Segmentation.
Dynamic segmentation offers a possible solution to some of these
referencing and segmentation issues. Dynamic segmentation is, in
effect, a spatial operator which allows segmentation to occur in
run-time. Highway attributes typically apply to only a portion of a
highway section, so some way is needed to divide the sections into
segments that correspond to the end points of the attribute. When
segmentation occurs according to the limits defined by the beginning
and ending mileposts of an attribute record, it said to be dynamic.
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Since many transportation agencies such state DOT's deal with
attribute data which corresponds to only a segment of a given arc,
not the entire length of that arc, the ability to display attributes
that fall along a portion of an arc is a useful tool. Dynamic
segmentation supports integration of network attributes from many
different sources without requiring the coverage or the attribute
table to be constantly modified.
Software written for dynamic segmentation must allow for
differences between measured distances on the base map and the
positional data from the attribute file. Dynamic segmentation can
only be done on map which retain topology and may still present
problems in network overlays.
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APPENDIX II: THE BASIC CONCEPTS OF TRANSPORTATION
MODELLING.
This discussion is designed to provide a summary of basic concepts
in the transportation modelling with relevance to transportation
planning as performed by the MPO.
11.1 Traffic Demand Modelling:
Travel demand or sequential demand modelling are part of the Urban
Transportation Planning System (UTPS) and are widely used by MPO's
for comprehensive transportation modelling, focus area modelling,
corridor analysis, and traffic impact analysis for site planning. The
goals of UTPS are to: model real world transportation networks and
provide a system framework for thinking through transportation
alternatives. These models have been in use in the U.S. since their
development as part of the Chicago Area Transportation Study
(CATS) in the 1950's. Since that time the basic four-step process
has basically remained the same although many of the algorithms
embedded in the different steps have been refined. The four-step
process as shown in Figure 11.1 consists of: trip generation, trip
distribution, modal choice, and traffic assignment.
Sequential demand modelling is accomplished through computer
programs on a network composed of encoded links and nodes. The
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FIGURE 11.1: THE TRAVEL DEMAND FORECASTING PROCESS.
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network is divided into Traffic Analysis Zones (TAZ's). Centroid
points are established for each TAZ. This is the arbitrarily selected
point on which trips generated from the TAZ are loaded. This traffic
then enters the network through a dummy link which is an imaginary
link connecting the centroid to the network. The network data
typically includes network characteristic or attribute data such as
an identification number, number of lanes, directionality, speed
classification or speed design of the highway, the designed capacity
of the highway, and any turning penalties that are associated with a
given segment. Paths, which represent the links through which a
traveler on the network uses to get from a given origin to a given
destination, are also specified
As seen in Figure 11.2, the network represents the supply side of
transportation planning, but not the demand side. The first step in
modelling travel demand is trip generation. This consists of
estimating the number of trips produced by a given TAZ. This is
based on key variables identified by the analyst and actual sample
surveying of households on their travel behavior. From such a travel
behavioral study (also known as an O/D survey) generation rates are
derived for each TAZ and using demographic data the amounts of trip
productions, or those trips leaving a TAZ, and the amount of trip
attractions, or those trips entering a TAZ, are calculated.
Population data are used for the trip production calculations and
employment data for the trip attraction forecasts forming an O/D
matrix or trip table. Demographic data are usually from the U.S.
Census data package known as the Urban Transportation Planning
1.1
FIGURE 11.2: SIMPLIFIED
SOURCE: Cook, et. al., 1989a.
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Package (UTPP) (to be renamed after the 1990 Census to the Census
Transportation Planning Package (CTPP)).
These total trip must then be allocated among TAZ's in a process
known as trip distribution. This is done through established
algorithms which are usually based on a FRATAR model, which
distributes trips proportionally among TAZ's, and the gravity model,
which includes a friction factor to account for the cost of travel
time between different TAZ's. The distribution model may then be
calibrated with real traffic counts of interzonal trips.
Next, the model must determine how many of these trips use a given
mode in the step known as modal choice or modal split. The number
of modes may be two or more although a larger number of modes
increases the calculation complexity. Modes other than the obvious
vehicle or transit might include: car pool, and non-motorized travel.
Mode splits are done using choice distribution in logit or probit
curves although many variations exists. Many analysts have
borrowed from econometrics and consumer choice theory to derive
disaggregate discrete choice methods with mixed success (Atkins,
1987; Supernak, 1987).
Finally, the model must assign the traffic to specific transit and
vehicular links in the network. A wide range of assignment
algorithms exist; however, most of these algorithms use a time-
cost criterion for the assignment and may be broken down into non-
equilibrium and equilibrium models. Non-equilibrium models
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include: all or nothing and capacity restrained algorithms.
Equilibrium models include; capacity restrained, stochastic, and
others. (Matsoukis, 1986).
The methods of traffic loading into the assignment process also vary
but can be grouped into iterative and incremental. Iterative loading
means that all traffic is factored into the algorithm at one time and
then based on the resulting link travel times all the traffic is loaded
again and this process is repeated as many times as specified by the
analyst. Incremental loading means that only portions of total
traffic are loaded in each iteration of the assignment algorithm; for
example, 50% of the traffic may be loaded in the first iteration and
then 20% of the total traffic is loaded in the second iteration based
on the link time cost results from the first run, and so forth. Hybrid
forms of equilibrium and non-equilibrium and iterative and
incremental exist as well. Assignment algorithms are typically
calibrated with actual traffic counts taken along screenlines or
network cross-sections and standard error measurements are
established for each model. There are many software packages
which perform TDM using a variety of methods or approaches (Lewis
and McNeil, 1986). Finally, travel forecasts from the model are then
compared with the existing highway capacity in the capacity
analysis step. Different indicators such as volume to capacity
ratios (V/C) are then used to identify areas with high congestion or,
in transportation terms, a low level of service (LOS). Another
indicator is the Average Daily Traffic (ADT) for each link.
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Travel demand forecasting has been discredited by many
researchers, but continues to be used in the public sector (Atkins,
1987). The major short-comings of these models revolve around the
inadequacy of modelling travel behavior (Supernak, 1983). This
coupled with the small sample sizes and obsolescence which
characterize the metropolitan travel behavioral databases used by
MPO's tend to amplify errors. Travel behavioral data are very
expensive to collect although mathematical techniques exist for O/D
table updates based upon traffic counts (Chan, 1986). However,
these techniques may not adequately capture or improve our
understanding of changes in travel behavior with such as the growth
of suburban activity centers and the increased number of women in
the workforce. Critics have also pointed to the deficiencies in the
network modelling which fail to dynamically model junction
constraints (Supernak, 1983). Proponents of modelling feel that
while absolute accuracy of demand modelling may always elude us
model results do provide a relative rubric which can aid the
transportation planning analyst (Cook, et. al., 1989a).
11.2 Traffic Impact Analysis:
At the micro-level, MPO's perform analysis of site development to
determine the impact of traffic generated by a given development on
nearby links. Traffic impact analysis may be used in the site
planning, for assessing traffic impact fees on developers, or
formulating traffic mitigation policies. Generation rates for
common development types have been formalized by the ITE
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(Institute of Traffic Engineers) (Stover and Koepke, 1988).
Software packages exist for modelling these traffic flows and
performing intersection analysis on the impacted intersections such
as the Highway Capacity Manual (HCM) package which models at
traffic flows through an intersection given existing traffic
engineering such as signalling intervals and turning patterns. The
same four-step process may also be applied to the micro-level of
site development (Stover and Koepke, 1988).
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